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ILIAC-BOXE TRANSPLANTATION 
Prkli M I NARY Observations^' 

BY I. LAWSON DICK 
Il'uif; C ommandcr, Royal Force 

From a Royal AJr Force Hospital 

Sir Arthur Keith tells tliat, in the summer of 1736, John Belchier, a London surgeon, 
IS dining witli a friend who was a calico printer. The main dish was a leg of pork and 
ilchier was surprised to see that the bone was red instead of white. Upon inquiry, he 
and that his thrifty host fed his pigs madder which had been used in calico dyeing. 
’Ichier guessed that this might bo the cause of the red staining, established the truth 
his surmise by c.xperiment, and reported his findings to the Royal Societ}’' later that 
Thus the experimental study of bone growth and bone repair began. 

Keith has also described the work of Duhamel in Paris, who, with John Hunter in 
■iidon, Sjmic and Goodsir in Edinburgh, and Ollier in Lyons, continued the studj'- during 
: next century. The work of Ollier in particular, with his conception of the periosteum 
•he “maternal- tissue” of bone, had gi'eat influence on later workers. 

In 1878 IMacewen removed the whole diaplysis of the humerus of a three-year-old 
yhose osteomyelitis had persisted in spite of several less radical operations. Two 
later, the parents brought the boy back to IMacewen for amputation of a limb 
h, though healed, was flail and useless. Macewen opened the arm and put a number 
edges from tibial osteotomies on other patients into the trough where the shaft of the 
.erus had been. This is the first recorded e.xample of the clinical use of homogenous 
.j-gf{ifting. The length of the rebuilt humerus was six inches, of vdiich four and one- 
.1 intiies consisted of grafts. Twenty years later the man had aw eleven-inch humerus, 
e inches shorter than that of the other arm, and was earning his living by manual 
ik. 

The result of this operation could not be explained on the basis of Ollier’s theoiy, 

' 'rom then on arguments about the fate of transplanted bone were added to the con- 
. y which already existed about the mechanism of normal bone growth and bone* 
'. These arguments and this controversy are still unsettled. 

or twenty or more years Albee ^ stated persistently, and with considerable emphasis, 
ransplanted bone lives and gi'ows in the same way that a transplanted twig gi-ows 
' tree into which it is grafted. He used this simile often, and he repeated- it and his 

■ -+i-;e assertion about the survival of cortical bone grafts as late as 1944.- On the other 

■ i, some surgeons have held with Leriche and Policard that transplants bf cortical 
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bone always die and are replaced by cells originating in the host bone, and that such 
transplants form no more than a framework for the ingrowing bone. 

Sufficient solid experimental evidence has now accumulated to show that neither of 
these conceptions of the fate of transplanted bone is correct. The woi-k of Phemister, of 
Hey Groves, published in an essay which won him the Jacksonian Prize, of Campbell, and 
of Ghormley and Stuck,®-'’ shows beyond reasonable doubt what hapjoens when the whole 
thickness of cortical bone is transplanted into another bone. Some of the l)one cells of the 
transplant — those wdiich are near the periosteal or the endosteal surface or in the more 
accessible Haversian canals — live and grow and form new bone. The cells deep in the 
dense cortical bone die, and this bone is replaced bj" new bone which grows cither from 
the surviving cells of the transplant or from the cells of the recipient area, imbert stated 

that this process is carried on in all ' 
jiarts but not simultaneously, so that 
a transplant examined at any moment 
shows dead bone with empty lacunae, 
as well as areas of living bone where 
the lacunae contain nucleated cells. 
That this is an accurate description of 
what happens to cortical-bone trans- 
plants is now widely accepted. 

It therefore follows that, while 
the strength and stability of cortical 
bone arc often of great mechanical ad- 
vantage in bone-grafting, this kind of 
bone may not be the best for the pro- 
motion of osteogenesis, for there are 
areas of bone in which the relative 
content of bone cells is veiy much ^ 
higher than in cortical bone, particu- 
larly cortical bone from the tibia. 
Thus, if mechanical stability can be 
maintained b)’’ other means while the 
bone is healing and consolidating, it 
should be possible to make use of the 
superior osteogenetic properties of 
cancellous bone. 

Experimental evidence supports 
this hypothesis. Campbell had repeat- 
edly shown that cancellous, or endos- 
teal, bone is the most osWogenetic 
type of bone graft, and recommended its use when new-bone formation is most necessary, 
as in areas of greatest stress or in bone grafts for non-union. Gallie asserted that cancel- 
lous bone has much greater osteogenetic properties than cortical bone, and Matti pro- 
duced further experimental evidence of this. Ghormley and Stuck published the results 
of extensive experiments on dogs, in which they compared the osteogenetic properties of 
bone transplants from various donor sites. They showed that, of all the known methods of 
bone transplantation, that which produced the most rapid and sure new-bone formation 
was the transplantation of cancellous bone chips from the ilium. 

This observation is exactly in accord with physiological first principles. A trans- 
planted tissue can continue to live only if it can derive nourishment from the bed into 
which it is transplanted. It therefore follows that the abundant bone cells in small pieces 
of cancellous bone, readily accessible to the ingrowing vascular buds, are much more 
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Fig. 1 

Roentgenogiam of ilium, showing the donor aieas 
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likely to live and grow in their new surroundings than the scanty cells of dense cortical 
bone. Compare, for exain])lc. how split-skin grafts thrive as free transplants, while grafts 
of whole-thickness skin need much more careful handling. 

The damage done to the tibia, which provides the cortical transplant, must also be 
considered. Stress fracture of the donor tibia is by no means a rarity, and many patients 
complain of pain in the donor site long after the grafted area is healed and free of sjunp- 
toms. Osmond Clarke has more than once said: “The more I see of the results of bone- 
grafting, the more loath I become to mutilate an intact tibia.” 

Chijis of cancellous bone from the ilium arc now frequently used by plastic surgeons 
in reconstruction of the contour of facial bones, and these surgeons report that clinical 
rigidity of the reconstructed area is obtained in seven days. The author recently helped 
a colleague to rcjiair a skull defect, three inches by one inch in size, with iliac chips. 
When the sutures were removed from the scalp wound at ten days, the bony covering of 
the defect was already quite hard to finger pressure; indeed, only its irregular surface 
distinguished it from the surrounding skull. In 1944, Mowlem reported favorably to the 
Royal Society of Medicine on the use of cancellous chip grafts for the restoration of de- 
fects of bone, including the long bones. 

The cases dcscrihed are examples of the, use of iliac bone in the bridging of bone 
defects, and in arthrodesing various joints. These examples, however, by no means exhaust 
the possible applications of the method. 





OPERATIVE TECHNIQUE 


Figure 1 shows that the two accessible areas in the ilium, where cancellous bone is 
most abundant, are: first, below the crest, just behind the anterior superior iliac spine; 
and, second, the posterior aspect of the ilium in the region of the posterior superior iliac 




Fig. 3-A 

Case 2 ShoiMUg lesion immediately after injun 


Fig 3-B 

Eight weeks after operation. 
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Fig. 3-C 

Twenty weeks after operation. 

spine. Of the two donor sites, the latter provides by far the more abundant supply of 
cancellous bone. It should be used when a generous amount of bone chips is needed (as 
in fusion of the knee or in filling a tibial defect) , even if it means that the patient has to 
be turned during the operation and therefore has to be draped twice. 

The cancellous bone of the ilium is e.xposed by cutting a window in the outer cortex, 
by turning up the crest as a lid, or by combining both procedures; the choice depends on 
the amount of bone chips needed. The cancellous bone can then be cut out easity with a 
hand gouge. This method obviates any danger of penetrating the inner cortex. This is 
of importance in the posterior approach, because of the proximitj' of the sacro-iliac joint, 
and Oldfield has reported hernia of the caecum following the removal of part of the whole 
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thickness of the crest of the right ilium in front. The cancellous bone is cut into cubes 




Fig 5-A 

Case 4. Seveie hallu.K ngidus befoie opeiation. 


five centimeters on a side, or smaller. 

A hematoma forms more often in the 
anterior wound than in the posterior. In 
twenty-four posterior donor wounds there 
has been only one hematoma, and in eleven 
anterior wounds there have been three hema- 
tomata. Moi’c care is therefore needed with 
hemostasis in the anterior wound than in 
the posterior. The reason for the difference 
between the two sites in this respect is that 
a large muscle mass is cut in the posterior 
ajiproach, and this, by its hemostatic effect, 
arrests the bleeding. The anterior crest is 
subcutaneous, and there is no natural local 
hemostatic. Tlic importance of this point 
has only just been appreciated; with a little 
more care in hemostasis, hematoma for- 
mation in the anterior wound can be 
avoided. 

The recipient area is prepared so that 
tlicre is an immediate blood supply to the 
grafts. If a joint is to be arthrodesed, it is 
important not only to remove all the cartilage 
from the opposing joint surfaces, but also to 
open the cancellous bone at each bone end. 



Fig. 5-B 

Twelve weeks after operation. 
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Case 5. Iniiiicdiatoly aflur injuiy. Eight weeks after operation, 
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Fig- 7-A Fig. 7-B Fig. 

Fig. 7-A: Ca.se 6. Pliofograjili immediately after injury. 

Fig. 7-B: Roentgenogram soon after injury. 

Fig. 7-C: Tibial defect after five montlns. 
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Fig. 7-D Fig. 7-E 

Fig. 7-D : Scar of poor quality covering tibial defect. 

Fig. 7-E: lnci.«ion through crost-lcg flap, fourteen days after bone-graftmg 


If a bone defect is to be filled, the fibrous tissue between the bone ends, and the sclerotic 
bone ends themselves, must be cut away; healthy vascular bone above and below must be 
opened with saw cuts or by drilling; and the fibrous tissue covering the muscle bellies 
around the bone must be removed or incised. The cancellous bone chips are then packed 
into the cavity in the bone and around the shaft. Unless a rigid internal splint is used, the 
alignment of the limb is corrected by molding, during the application of the plaster. An 
advantage of iliac chips over rigid cortical grafts fixed b}’' screws is that there is a second 
opportunity for manipulative correction of the alignment when the padded postoperative 
plaster is changed for a skin-tight plaster at the end of twelve to fourteen days. If any 
correction of alignment is needed, however, the change of plaster should not be delayed, 
for often by the fourteenth day, fusion is so advanced that the alignment can be altered 
only by the use of firm pressure, and it may be necessaiy to anaesthetize the patient. 

CASE REPORTS 

Case 1. J. H., aged twenty-six, sustained a severeh' comminuted fracture of the body of the first 
lumbar vertebra when he jumped from an aircraft which liad taken fire. The displacement was reduced 
by hyperextension in a plaster jacket, and a primary fusion of the twelfth thoracic vertebra to the sec- 
ond lumbar vertebra was made eight weeks later. The laminae of the vertebrae were rawed, the spines 
were rawed and split, and the whole area was packed with iliac chips. Figures 2-.\ and 2-B show the 
appearance after three months. Fusion was clinically solid, and there was no pain. 

Case 2. AV. W., aged thirty-five, sustained a severely comminuted fracture of the tibial plateau in 
an aircraft crash (Fig. 3-A). It was decided that arthrodesis of the knee offered the onlj* prospect of a 
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painlc'^ stalilc limb. After .a umill a-'ociatcfl womifl had licalcd, the joint was excised and packed with 
iliac-bone chi]''. When the iio'-toiieiativc planter wa*; changed at twenty-one days, the joint was already 
firm. I'lpiio 3-n show.-; the aiipcaianec of the joint, eight weeks after operation. The patient began to 
w.alk in a guarding pla-ter at ten week'. Figure 3-C shon.c the appearance at twenty weeks; all exter- 
nal fixation had been di-earded. and the fu'-ion wa^- solid and painless. 

Cv'kS. In It. S.. aged twenty-three, the subastragalar joint wa= fu=ed for painful osteo-arthritis, 
following a frarture of the o= caleis. Iliac-bone chips were packed into a cavity cut in the back of the 
joint, throudi the po-tcrior apiiroach ile-cribed by Gallic.' Fusion was clinically solid at twelve weeks 
(Fig. -l-.V); Figure -I-B show' the appearance at twenty weeks. At that time the patient was free from 
fymptoms. 

C\sK -t. In G. II.. aged forty, the fir.-t metatarsophalangeal joint was fused for crippling hallux 
rigidus (Fig. 5-\). Iliac chips were packed between the denuded ends of the bones. At twelve weeks, 
the fusion was clinically -olid and not tender, and the patient w.is walking comfortably in ordinarj' foot- 
wear (Fig 5-B). 

CxsE 5. II, B.. aged twenly-tluee, an air giinnor. sustained a fracture of the tarsal navicular in a 
cycle accident. When the immediate clTects of the injiin' had subsided, the affected joints were excised 
and the area was packed with iliac-bone chip-. At eight weeks the fusion was clinicalh' solid and not 
tender (Fig. 6-B). 

C.xsE 6 . IV. L., a twenty-one-year-old iiilol, su..tained severe compound and grossly comminuted 
fractures of the tibia and fibula (Fig 7-.V). The wound was badly infected, and for some time there 
was con=ider.able doubt about the wi-doiu of tn.‘ing to saie the limb. Ultimately, a laige portion of the 
shaft of the tibia seque-tr.ited and was removed, and the remaining wound was healed with split-skin 
grafts and pinch grafts. A large tibial defect was left, covered by a wide adherent unstable scar (Fig. 
7-D). This scar was replaced by a ero — leg flap and later, thioiigh that flap (Fig. 7-E), the tibia was re- 
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Fig. 7-F Fig. 7-G Fig. 

Fig 7-F. Po«lopeiati\c locnigcnogiam, showing tibial leconsfmcfion. 

Fig 7-G: Tibial letonstuiction at twelve weeks. 

Fig. 7-H; Tibial leconsti action at thiity-si\ necks. 



ILIAC-nOXE TRAXSPLANTATIOX 11 

piiinlcss stable limb. After a small a-v-ocialcd woimtl had healed, the joint was excised and packed with 
iliac-bone chiiw. IVhcn the po^toiierativc plaster wa« changed at twentj’-ono daj’s, the joint was already 
firm. Figure 3-B shows the appearance of the joint, eight weeks after operation. The patient began to 
walk in a guarding plaster at ten weeks. Figure 3-C shows the appearance at twenty weeks; all exter- 
nal fixation had been discarded, and the fusion was .solid and painless. 

3. In 11. S., aged twcnly-tlircc, the .subastragalar joint was fused for painful osteo-arthritis, 
following a fracture of the os calcis. Iliae-bonc chips were packed into a cavity cut in the back of the 
joint, through the posterior apiiroach do'ciibed by Gallic.' Fusion was clinically .=olid at twelve weeks 
(Fig. -l-.V) ; Figure -l-B ,show.s the appcaianco at twenty week.s. At that time the patient was free from 
symptoms. 

C\S!; -4. In G. II.. aged foity, the first metatarsophalangeal joint was fused for crippling hallux 
rigidus (Fig. 5-.\). Iliac chips were packed between the denuded ends of the bones. At twelve weeks, 
the fu.don was clinically solid and not tender, .and the patient was walking comfortablj’ in ordinaiy foot- 
wear (Fig. 5-B). 

C.\sK o. II. R.. aged twenty-thioe. an air gunner, sustained a fracture of the tarsal navicular in a 
cycle accident. IVhcn the immediate effects of the injury had subsided, the affected joints were excised 
and the area was packed with iliac-bone chips. At eight weeks the fusion was clinically .=oIid and not 
tender (Fig. C-B). 

C.\SE 6. IV. L.. a twenty-one-year-old jiilot, sustained severe compound and grossh' comminuted 
fractures of the tibia and fibula (Fig. 7-.V). The wound was badly infected, and for some time there 
was consider.able doubt .about the wi-dom of trx-ing to sa\e the limb. Ultimately, a large portion of the 
shaft of the tibia sequestrated and was lomoved, and the remaining wound was healed with split-skm 
grafts .and pinch grafts. .A large tibi.al defect was left, coveied by a wide adherent unstable scar (Fig. 
7-D). This scar was replaced by a cross-leg flap and later, through that flap (Fig. 7-E), the tibia was re- 
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Fig. 9-A; Case 8. Rotation o.sTootoiny of railiu.s, unlioalocl at twenty weeks. 
Fig. 9-B'. Eight weeks after u.‘<e of iliac chip grafts. 

Fig. 9-C; Sixteen weeks after in.^ertion of iliac chip grafts. 

Fig. 9-D; Removal of plate at twenty-four weeks. 
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built with twin cortical onlay grafts from the other tibia; cancellous bone from the ilium was packed 
into the defect (Fip. 7-1'). At the end of twelve weeks the jiatient was exercising the limb in bed (Fig. 
7-G), .and three weeks later ho began walking with crutchc.s. A stre.ss fracture developed in the donor 
tibia six weeks after the operation, and as a result the rebuilt tibia took unsupported bod 3 ' weight four 
weeks before the donor tibia. Figure 7-11 shows the rebuilt tibia at the end of thirtj’-six weeks. 

Case 7. F. C.. aged twenty-four, had a tibial defect (Fig. S-A), which was verj’ similar to that of 
IV. L. (Case G). The tibia was rebuilt (b.v another .Mirgcon) with a massive onlaj’ graft of cortical bone, 
and a piece of cortical bone to bridge the gap. Although the rebuilt tibia ultimatelj’ consolidated sat- 
isfactorilj’, it was still in ]ila.‘-tcr at the end of eight months (Fig. S-B) ; at this stage, consolidation was 
poorer than in AV. L. at twelve weeks (compare Figures S-B and 7-G). 

Cask S. AV. K., aged Ihirt.v-onc, .Mistained a verv severe fracture of both bones of the forearm, 
which united with overlap and poor alignment. The head of the ulna was excised in an attempt to re- 
store rotation. AA’hcn first seen by the writer, about six months after this operation, the fractures were 
Eoundh- united and the patient had rcason.ablc forearm movement, including nearlj' 90 degrees of rota- 
tion. The range, however, was from full supination to the mid-position, and the movement was conse- 
quently of lcs.s functional use than had the range been between the mid-position and full pronation. A' 
rotation osteotomy of the radius was accordingl.v performed, pronating the lower fragment, and the 
bone was fixed with a vitallium jilate. Twenty weeks later the osteotomj' was quite unhealed (Fig. 
9-A). The bone ends were then excised between the two central screws, the shafts were drilled thor- 
oughh’ above and below, and the cavit.v cut in the bone was packed with iliac chips. Figure 9-B shows 
the appear.ancc eight weeks later; at the end of sixteen weeks (Fig. 9-C), there was no doubt that the 
bone w.as uniting ; .and when the jilate was removed, at the end of twentj’-four weeks, there was solid 
union (Fig. 9-D). 


Cancellous chip grafts arc of value in the arthrodesis of joints, in the repair of bone 
defects, and in some forms of non-union or delaA'ed union of fractures. A cortical graft 
may be needed to preserve the shape of a bone, but if stability of the fractured bone can 
be maintained bj' means other than the use of a cortical graft, cancellous chips alone will 
produce union. The main disadvantage of a tibial bone graft is that it usually has to be 
cut from an intact tibia. Plates and screws of absorbable plastic material, used with can- 
cellous chips from the ilium, would appear to be the ideal method of osteosynthesis. 

Note: The author wishes to thank the Director General of Medical Services of the Roj’al Air Force, 
Air Marshal Sir Harold AA’hittingham, K.B.E., for permission to publish this paper. Grateful acknowl- 
edgment is made to Air Commodore H. Osmond Clarke for his kindlj' interest and helpful and construc- 
tive criticism, and to Squadron Leader F. Braithwaite and Squadron Leader T. B. Russell for their valu- 
able assistance. 
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THE USE OP CANCELLOUS CHIPS IN BONE-GRAFTING * 

HY S. L. HIGGS, F.U.C.S., LONDON', ENGLAND 

The principles and inctliods of bone-grafting have been well established for manj’’ 
years. In World AVar I and since, the results have been good, but the chief criticism has 
been that reconstitution of the bones has been slow. 

It was, therefore, of the greatest interest to see a jaw which had been reconstructed in 
an incredibly short time by the use of chips from the crest of the ilium. The use of chips 
is, of course, not new, but the familiar tibial chips had but little osteogenetic power and 
could be seen as discrete fragments in radiographs taken long after the operation. The' can- 
cellous bone scooiicd out from the tibia was scanty and of poorer quality than cancellous 
bone from the ilium. 

In order to explore the usefulness of these chips in orthopaedic surgery, seventy-one 
consecutive cases of lione-grafting have been reviewed, sixty of which were operations for 
non-union of the long bones. Of this latter group, cortical grafts alone were used in twenty 
cases, and cortical gi-afts plus cancellous chips were emploj’ed in forty. . 

All the operations have resulted in bony union, although in four cases the first attempt 
was not successful. One humerus, much of which had been destroyed in an air raid, was 
grafted three times, and another twice. In two cases of fracture, the tibae were grafted 
twice. In all four cases, the bones have now united. This refutes the opinion of those who 
believe that only a minority of bone-grafting operations are successful. 

Complications were present in two cases, and in each the cause was the same. The 
operations were carried out through heavily scarred skin (one patient had had skin-graft- 
ing) and, owing to undercutting and tension, the skin sloughed at one point and the 
wounds did not heal, because of chronic infection. In both cases there is bon}’' union, but 
further measures will be necessary. 

Table I compares the healing time of gi-afts with cortical bone only and those with 
cortical bone plus cliips. 


T.ABLE I 


Bones 

.Average Time of Union 

Cortical Grafts 
Only 

Cortical Grafts Plus 
Cancellous Chips 

Humerus 

16 weeks 

8 weeks 

Radius and ulna 

17%weeks 

8 weeks 

Tibia and fibula 

17 weeks 

8 weeks 

Femur 

22 weeks 

14tk weeks 


These periods of time cannot, of course, be stated accurately, but were based on clinical 
and radiographic evidence. 

Of the eleven other bone grafts in the series, cancellous chips were used for filling 
bone defects or spaces. Five cases included an osteoclastoma, solitary cysts of the hu- 
merus and femur, and a case of osteitis fibrosa cystica. In six cases, chips were employed 
to hasten ankylosis in arthrodesing operations on the sacro-iliac, knee, ankle, and hip 
joints. 

The method of taking chips from the iliac crest is illustrated in another paper It is 
of great advantage if an assistant can take the chips while the cortical graft is being re- 
moved from the tibia, as this saves time. The taking of chips adds to the length and sever- 

* Read at the meeting of The British Orthopaedic Association, London, June 1, 1945. 
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ity of the operation, but should not give rise to any serious anxiety. The iliac wound is 
a source of discomfort for only a few days. A drip transfusion of saline is given during 
the operation, followed, if necessary, by a blood transfusion. 

For the use of cancellous chiiis to be successful, rigid fixation is necessary. To work 
through a window in a plaster, as has been done, adds to the difficulty and, even then, fix- 
ation is not likely to be very secure. To maintain length and alignment and provide im- 
mobilization, cortical grafts seem entirclj^ satisfactory. The value of plates is less definite. 
The type of cortical graft depends upon the bone, and the following types have been em- 
ployed: for the humerus, a screwed-on onlaj’-; for the radius and ulna, an onlay or inlay; 
for the tibia, a sliding inlay or an inlay from the other leg; and for the femur, an onlay. 

When chips are used to fill the gap, there need be no hesitation in removing all scle- 
rosed bone. The chips arc packed between the bone ends and around the fracture line, 
and often are kept in place bj’- a guarding sliver. 

To ensure a blood supplj’’, all scarred and fibrous tissue must be removed; and, where 
possible, bare muscle should be brought into contact. 

It is essential that the skin should be sound and not adherent. Bone is being added 
and it must be possible to bring the skin together over the increased bulk without tension. 
The help of the plastic surgeon in jiroviding full-thickness skin has been invaluable. 

Many of the cases reviewed had rccentlj'^ been sejitic, due to old gunshot wounds and 
bomb injuries. The rule of World War I, that a year must elajise after the end of all sep- 
sis before bone-grafting should be undertaken, no longer holds. With penicillin and sulfa- 
nilamide powder, there should be A'cry little trouble and no disasters. 

In conclusion, the use of cancellous chips taken from the crest of the ilium has been 
found of decided value in bone-grafting. The chief advantages of this procedure are as 
follows : 

1. In even "straightforward” cases, the chips will shorten, by approximately one half, 
the time required to produce firm union. 

2. The chips, in conjunction with cortical grafts, are of great aid in filling gaps in 
long bones. 

3. The chips are useful for filling bone defects, as, for example, after curetting cysts, 
and in packing the crevices and gaps in arthrodesing operations. 

4. In the treatment of chronic osteomj'-elitis, the use of chips also plays a part. 


1. Robertson, I. M., and Barron, J. N.: A Mctliod of Treatment of Clironic Infective Osteitis. J. Bone 
and Joint Surg., 28; 19-28, Jan. 1946. 
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A METHOD OF TREATMENT OF CHRONIC INFECTIVE OSTEITIS ^ 


BY ivon M. ROUKUTSOX, F.R.C.S.E., AXD JOHX K. BARRON, F.R.C.S.E. 
ST. ALBANS, ENGLAND 


During the past few years, due to the introduction of penicillin and to the stimulus of 
war, there has been a gradual realization of the necessity for a revision of the treatment 
of such conditions as chronic osteitis. The pathological changes that occur in chronic os- 
teitis are too familiar to require repetition, but it should be stressed that the bone and 
soft-tissue reactions to injury arc intimatclv related, and must be considered together 
(Fig. 1). 


In chronic osteomyelitis, the presence of sinuses and of superficial and deep fibrosis 
leads to a scries of changes in the overlying skin and surrounding tissues, which result in 
permanent impairment of the vascu- 
lar and lymphatic supply of the area. 

In chronic osteitis resulting from 
infected compound fractures and 
gunshot wounds, the efiect on the 
surrounding tissues is incomparably 
greater; and the destruction of tissue 
by necrosis and suppuration leaves a 
dense, infected scar. It is thus rational 
that, in formulating any method of 
deaUng with chronic osteitis, the 
treatment of infected and damaged 
soft tissue be considered of equal 
importance. 

The principles and technique 
elaborated by Orr, and later applied 
in slightly modified form by Tiaieta 
for the management of war wounds, 
have now become the generallj^ 
accepted methods of treatment for chronic osteitis. Under this regimen, the wounds are 
saucerized and then packed; healing by granulation tissue and scar epithelium is encour- 
aged, drainage and splintage being maintained by the closed-plaster technique. 



Fig. 1 

The anterior internal aspect of the middle third of the 
left leg, showing multiple sinuses with skin adherent to 
underljdng bone. 


SUGGESTED TREATMENT OF CHRONIC OSTEITIS 

The treatment is based on the principle of extensive excision of all diseased tissue, 
including skin, deep scar, and infected bone; and the replacement of soft-tissue defects by 
muscle and skin flaps, and of bone defects by bone transplants. The aim is to remove the 
whole of the local disease and to establish normal conditions in the tissues. This requires 
either two or three operative stages, as follows: 

Stage 1 : The excision of all diseased tissue and the application of a split-skin graft 
to the wound surface (Figs. 2 and 3) . 

Stage 2 : The plastic repair of the soft tissues. The split-skin graft is removed and the 
area is covered by a skin and sub cutaneous- tissue flap, muscle being included where nec- 
essary. 

Stage 3: The repair of the bone defect (Fig. 4). 

In some cases. Stages 2 and 3 can be combined. An interval of four weeks should be 
left between the first and second stages, and at least six or eight weeks between the sec- 

* Read at the meeting of The British Orthopaedic Association, London, June 1, 1945. 
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Fig. 2: Diagram of area of chronic osteitis with overlying adlierent. .scarred, and idccrated epitlielium. 
Fig. 3: Diagram of first stage of operative treatment. All scarred and infected soft tissue and bone 
are excised, and the area is covered with a split-skin graft. 

Fig. 4; Diagram of second and tliird operative stages. Bono defect is filled with cancellous chii)s; soft- 
tissue defect is covered with muscle and full-thickne.ss skin flaj). 


ond and third stages. Penicillin is used for twenty-four hours before operation at each 
stage, and is continued for four da5'-s after operation; 100,000 units each twenty-four 
hours are given by intramuscular drip. 

This cannot be considered as a method of treatment for chronic osteitis in general. 
In the cases selected, the infected area should be accessible to surgical approach, and the 
site and extent of the disease should bo such that a complete excision of this area is pos- 
sible. 

While the lesions of chronic bone infection are essentially the same in the upper and 
lower limbs, the surgical difficulties associated with the repair of wounds affecting the 
lower extremities are considerably greater. The majority of the patients already treated 
by this method have been cases of chronic osteitis of the leg, — the result of hematogenous 
infection, infected compound fractures, or gunshot wounds. 

Stage 1: Extensive Excision of all Infected Bone and Scar Tissue, and Split-Skin Dressing 

For the first part of this operation an Esmarch bandage should be used. 

Skin: Excision of sinuses with adherent, infected, and scarred areas of skin must be 
complete. The skin flaps are not undercut more than is necessary to give adequate expos- 
ure of the whole infected area, thereby not onlj'- limiting the risk of exposing uninfected 
regions to contamination, but also minimizing the chance of endangering the blood sup- 
ply of the skin. An atraumatic technique is of particular importance, because of the al- 
ready diminished blood supply. 

Soft Tissues: It is of the utmost importance that, while preserving intact all vital 
structures such as nerves and blood vessels, the dissection of scar tissue be as complete as 
possible and extend into healthy vascular tissue. Thus further infection can be reduced 
to a minimum, and an adequate blood supply can be obtained for future surgical proce- 
dures. 

Periosteum: Similarly, normal unscarred periosteum should be left intact as far as 
possible, and should be handled with the greatest care. Periosteal stripping should be 
limited to that required for access to the diseased areas. 

Bone: Systematic removal of diseased bone is essential. It is usual to commence at 
one end, and to cut away, layer by layer, the whole of the affected area until a smooth 
open surface of normal vascular bone remains (Fig. 6) . This entails the complete efface- 
ment of all cavities, even if normal bone has to be sacrificed, and includes the removal of 
all sequestra and necrotic tissue. The exception to this rule will be found in defects in- 
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Fic 5 

Scancd and infcrted soft li'-'iic liu' boon c\ci--ed. cN-l'O'ing full extent of infected bone 


i'olving the cxtrcniitic.® of tlic long Itone^, wliere saucerization maj' be impossible, owing 
0 proximity of the joint surface. 

In compound fractures, it is frequently found that the infective process has involved 
he full diameter of the shaft, and indeed may have extended to the soft tissues beyond. 
These fractures usually fail to unite, and the wound becomes a chronic abscess cavity, 
wo sides of which consist of bone faced by infected fibrous tissue. Bone removal should 
iroceod to an oblique resection of the ends, cutting back until normal structure is re- 
.'ealed. This will ]n-ovide access to the scarred periosteum and to the muscle which forms 
he deep wall of the infected area. 

In cases where a bridge of osseous union is found, in spite of continued infection, a 
lecision must be made as to whether the bony bridge is sufficiently vascular to be allowed 
0 remain. This decision is of great importance and, with the bone-grafting methods to be 
lescribed, there should be no hesitation in sacrificing bony continuity when that procedure 
:eems wise. 




Fig 6 

Area of bone excised dunng first operative stage. 
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Split-Skin Grafting 

Contrary to widespread belief, split-skin grafts can be expected to survive in the pres- 
ence of infection of the recipient area. The survival and growth of the transplanted tis- 
sue depends upon the surgical technique employed, and upon the use of chemotherapy. 
Furthermore, as the illustrations in this paper demonstrate, there is no doubt that cor- 
tical bone is a suitable temporary host for the grafted epithelium. The skin dressing pro- 
tects the bone and surrounding soft tissues from the effects of infection and scar replace- 
ment. Thus it ensures the integritj'’ of the remaining muscular tissue and the vascular 
supply, and so increases its resistance to infection. As a result, the reconstructive pro- 
cedures can be completed at an early date without undue risk of reinfection. 

• 1. Preparation of the graft bed: The tourniquet is removed, all lai-ge vessels are care- 
fully picked up, with a minimum of surrounding tissue, and are tied with 6-0 plain catgut. 
Small oozing points are grasped with fine hemostats, which are allowed to remain on for 
a few minutes. The wound is then packed with a hot swab and the limb is elevated until 
the general surface weeping ceases. A little patience is necessaiy, as five minutes may 
elapse before the bed becomes reall}'' dry. This period may be si:)ent in cutting the skin 
graft, if the opposite thigh is to be used for this purpose. 

When the leg is again lowered to the table, the only surfaces which may continue to 
give trouble are the cut bone ends. An effectWc procedui'c is to co^'er them with small 
swabs saturated with thrombin (in a strength of 500 units j^er cubic centimeter) and to 
apply pressure for a further period. When the swabs and hemostats have been removed, 
the whole wound surface should be read5’’ to receive the skin. 

2. Application of the skin: A thin split-skin graft of sufficient size to cover the wound 
is cut and spread out on tulle gras or vaseline gauze. It is punctured in several places with 
a knife, so that drainage from the wound surface can be absorbed into the dressing. The 



Fig. 7-A Fig. 7 .B 

Fig. 7-A: Roentgenogi-cam of gunshot wound of upper third of tibia, showing large cavity which 
was partiallj' filled with infected scar tissue and granulations, with surrounding necrotic and infected 
bone. 

Fig. 7-B ; After excision of all infected tissue. 
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wound is then lightly dusted with penicillin ])owder, the graft is laid on, and ju’esscd down 
into the contours. The skin and tulle gras arc stitched to the wound edges, the ends of 
the sutures being left long enough so that they may be tied ovci- the dressing as an aid to 
immobilization. Wool wrung out in normal saline is packed down over the graft, so that 
an accurate mold is made which will distribute pressure equally o^'er the whole area when 
a bandage is applied. The long sutures arc tied over the wool mold, the limb is encased in 
wool, and bandaged with an clastic bandage, firm, even ])rc&sure being used. A light plas- 
ter cast is applied over all. 

Postoperative Care 

After the operation the limb is clcA'ated, but receives no attention for two weeks It 
is then dressed for the first time, when it maj’’ be either healed or theie may be patchy 
failure of the graft. In our experience an 80 per cent, “take"’ of the skin was the poorest 
result, and the average was about 90 per cent. Loose skin tags and desquamating surface 
epithelium arc cut away and the graft is thoroughly washed. It is then painted with 10 
per cent, mercurochrome and a further dressing is aiijilicd, similar to that used at opera- 
tion, except that no sutures now remain. A plaster back splint is retained, and no further 
interference is required for a week. Then the massive dressings arc discarded, exercise 
therapy is instituted, and the wound is dressed every second day. Anj' remaining granu- 
lations are painted with mercurochrome and covered with a light gauze jiack; epithcliali- 
zation is usually complete within ten days. 
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Fig 10 

Stage of excibion completed Split-bkin giaft lining caMtv ami loieiing bone Skin giaft 
“take” complete m fom i\eekb 



Fig 11 

Second stage completed (see Figs S-A and S-B) Cioss-leg flap coieimg bone defect 
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Stage 2: Repair of Soft Tissues 

At this sta^o wo aro facoil witli a composite defect in the liml), consisting of loss of 
hone, muscle, siihcutaneous tissue, and skin. The ideal to l)e aimed at is replacement by 
similar tissues. 1 he main jirohlem is the provision t)f a stal)le scar-free skin cover. The 
split-skin graft lias done its work as a temporary dressing. Init being for the most part 
based on hone, it is too vulneralilc. It must, therefore, lie replaced by a viable flap of skin 
and snlicutaneous tissue; Init it sliould be 
rcincinbered that it is diflicult to design a flap 
to fit a concavity. .\ dead sjiace is disastrous. 

tt'hcre the deptli of tlie itony cavity is 
such that no skin flaji can be designed to fit 
it. use is made of muscle flaps ;md cancellous 
iliac bone to fill the defect, over which com- 
plete skin closure can be olitained. 

Types of Skin Replarcincnt 

1. Local plastic opcraiioiis 

The rotated flaji is ideally suited to fill a 

triangular defect. It is designed on generous 
lines and is liased pro.vimally. Allowance must 
he made for the fact that it is not lieing used 
on a flat surface, but around the circumference 
of a limb (Fig. 111. Any secondary defect that 
is left after the flap has rotated should be ar- 
ranged to lie over the posterior calf muscles, 
where a split-skin graft will be satisfactory. 

Tension should not be relied upon to effect 
closure. 

The transposed flap is cut of the pattern 
of the wound and transposed on a pedicle from 
a suitable aspect of the limb, leaving the sec- 
ondarj' defect in a position where it can be 
grafted. 

The bridge flap has a double base and is raised as a strap. Its movement is limited 
and depends mainlj'- upon stretch and the elasticity of the skin. It is best suited to fill 
elliptical defects, where maximum closure is required in the center of the wound. 

Local plastics on the leg are fraught with difficulty and there are certain limiting fac- 
tors. The blood supply of the skin, notoriously poor at best, is often verj'^ much depleted 
in an atrophic limb which has been lying for months encased in plaster. Cutting a flap 
still further embarrasses the circulation to the area, and eveiy allowance must be made 
for this. 

The transverse width of the wound indicates whether a local plastic should or should 
not be used. A defect measuring more than two inches across should be carefully consid- 
ered before the decision is made to repair it locally, but usually it is better to import skin 
from elsewhere. 

The surgical procedure of “delaying” a flap gives a margin of safety in doubtful 
cases. The flap is outlined and undercut, then sewed back into position. This encour- 
ages an augmented blood supply through the base, and ten to fourteen daj's later the flap 
can be rotated or transposed with safety. 

2. Repair from a distance 

The cross-leg flap is the most satisfactorj’’ method of importing skin. The legs are ap- 
posed in such a position that the defect to be covered is approximated to the upper half 
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Fig. 12 

Second and third stages combined. Double- 
rotation flaps used m repair of skin defect, 
which IS indicated bj’ dotted line. 
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Fig. 13-A 


Roentgenogram of gunshot wound of the ex- 
ternal condyle of femur. Area of osteitis shown 
with surrounding sclerosis. 



Fig. 13-B 


Bone cavity, caused by excision of infected 
bone, is successfully filled with cancellous chips 
and covered by full-thickness skin. 


of the opposite calf. A flap is designed on the calf to bridge the gap between the legs and 
to fit the defect. This flap is either “delaj'^ed” or, if the circulation is satisfactory, is sewed 
into the recipient leg, and its donor site is covered with a split-skin graft. Plaster immo- 
bilization retains the legs in position for two or three weeks, 



at which time the skin bridge is cut and the repair is com- 
pleted. 

The abdominal tubed pedicle: This multistage method 
may be used when the defect is too extensive to be repaired 
by other means. The pedicle is created and transferred to 
the leg by way of an intermediate attacliment to the wrist. 
The main difficulty arises in the arm-to-leg position, where 
maintenance of an awkward posture may be necessary. Good 
nursing is essential. 

Defect Filling by Muscle Flap)s 

In the deep cavities which result from infected-bone clear- 
ance in the upper tibial and lower femoral regions, it is often 
advisable to transpose muscle as well as skin. This minimizes 
the amount of cancellous bone required and provides an excel- 
lent source of blood supplJ^ 

The most suitable case is a deep medial, upper tibial 
defect. Here the medial head of the gastrocnemius is removed 
from the Achilles tendon and dissected up, leaving the 
branches of the medial sural artery and the nerve 
supply intact. When freed, this muscle is rotated over 
to fill the defect left after sufficient iliac bone has been 


packed in to ensure strength, and is sutured to the peri- 

Bone defect repaired by osteum on the lateral edge of the defect. The skin cover is then 
autogenous onlay graft and , . 

cancellous bone chips. sewed in over the muscle. 
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Similar imisrle Haps can he used elsewhere, but strict attention should be paid to the 
conservation of the blood and nerve supply. A vascular muscle transplant is highl}'- re- 
sistant to infection and provides a capillary bed from which the gi’afted bone is revascu- 
larizcd. 

It is advisable to allow a jieriod of at least six to eight weeks to elapse, following any 
extensive plastic rejiair of the skin and soft tissues. This permits the new blood supply 
to the area to become firmly established and also allows time for the reaction, consequent 
on any operative iirocedure, to subside. During this 
latent jieriod every endeavor .“^honld be made to assist 
the recovery of the normal jiliysiological processes in 
the limb as a whole. 

Spliniitig 

S]ilinting .should be reduced to the minimum. .-V light 
plaster iiack splint to limit moiiility at the fracture site 
and to prevent font drop is all that is usually required. 

Tliis can be used at night and removed during part of the 
day for physiotherapy. 




Fig. 15 Fig. 16 

Fig. 15 : Diagram of operative procedure for obtaining cancellous bone from crest of ilium. 

Fig. 16: Illustrating onlay graft in position and method of inserting cancellous bone. Note rride 
medullan- exposure, into which cancellous struts are slotted and remaining defect built up with chips. 


Physiotherapy 

This should include mobilization of all joints, particularlj’’ those of the foot, ankle, 
and knee. Active exercises for the muscles of the limb, assisted if necessarj^ by faradism, 
will do much to improve their tone and will improve general vascular and lymphatic sup- 
ply. This preliminarj’^ treatment prior to bone-grafting is of great importance, since suc- 
cess in the filling of bone defects by cancellous bone chips depends largely on an adequate 
blood supply. 

Stage 3: Bone-Grafting 

Filling of Defects 

As already stated, the repair of the bone defect can in certain cases be carried out 
at the same time as the reconstruction of the soft tissues. The bone surface is broken up 
with an osteotome, so that better contact can be made with the cancellous chips; and 
‘-these are packed in until the cavity is filled. If a muscle flap is to be used, it should be 
sutured into place and the skin closure completed. 
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Bridging of Defects 

In chronic infected compound fractures and gunsliot wounds, wliere a substantial gap 
exists between the bone ends, bone-grafting has been attempted only after the two previ- 
ous stages have been successfully accomplished. The method employed has been similar 
to that used as routine for bone-grafting fractures with non-union, the results of which 
have already been described by Higgs. ^ A strong autogenous cortical graft is used chiefly 
as a splint to maintain internal fixation, and cancellous chips have been relied upon for 
the production of new bone. Although the inlay graft can be used, the onlay graft (Fig. 
14) has been found to give better fixation and allows the cancellous chips to be placed in 
direct contact with the medullary cavities, thus obtaining the maximum blood supply. If 
cancellous chips are simply packed in between the two bone ends there is a tendency, even 
when the cancellous bone shows evidence of active growth, for a line of non-union to de- 
velop between the chips and the host. For this reason it is important that strips of can- 
cellous bone should be slotted into the upper and lower fragments (Fig. 16) so that a 
true bridge is formed between these two fragments. Bone chips can then be packed in 
between these strips until the full thickness of the defect has been made good. 

Method of Obtaining Cancellous Bone 

An incision is made along the anterior margin of the crest of the ilium, commencing 
at the anterior superior iliac spine, and extending for five or six inches. The incision is 
deepened, the crest of the ilium with its muscular attachments is elevated as a “lid”, and 
the inner and outer tables of compact bone arc separated and gently retracted, exposing a 
' mass of pure cancellous bone. Strips of bone, usually 0.67 of a millimeter thick, are shaved 
- off with an osteotome and are cut into chips about one centimeter long. Bleeding can usu- 
^ lly be checked with hot packs. The inner and outer tables are then replaced, the “lid” 
' sutured back into position, and the skin is closed. It is unnecessary to drain the wound, 
provided a firm pressure dressing is applied immediatelj^ by means of a spica bandage. 

CONCLUSIONS 

This complicated procedure requires the intimate cooperation of the orthopaedic sur- 
geon and the plastic surgeon. It is an undertaking not lightly to be embarked upon, and 
special nursing and hospital facilities are essential for success. 

It is hoped that further experience will result in simplification of the methods used, 
and so permit their wider application to the problems of bone sepsis. 

1. Higgs, S. L.: The Use of Cancellous Chips in Bone-Grafting. J. Bone and Joint Surg., 28: 15-lS, 
Jan. 1946. 
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PYOCnCXIC ORTICOI^IYELITIS OF THE SPINE 
Dirrr.ur.NTiAi, Diacnosis ’I'iihot'ch Cmnicai- axd Rokntgenoguapiiic Observations 
B v .losE rnc c;rui, m.d., iowa citv, ioiva 

Frov) llic Drpnrhiii iil nj Orlhopncdic Siirip r//, Slritc I 'nivcrxily oj Iowa, Iowa Cily 

Pyoiicnic ostoninyolitis of the s]>iiic often presents clifTerential diagnostic problems 
that are ballling. Siieli iirolileins arise in cases in wliicli tlie manifestations are relatiAmly 
mild and some otlier lyjie of sjiinal disease lias to be considered, and those in which the 
presenting symptoms aiijiarently refer not directly to the spine, but elsewhere, — as to the 
meninges, chest, abdomen, or hiii. The intimate anatomical relation of the spinal and 
licripheral nerves to the infected vertebrae and the lower grades of virulence possible in 
many of the infecting jiyogenic organisms give rise to these problems. 

This study is based uiion forty-eight cases of pyogenic osteomyelitis involving the 
vertebral body or neural ai-eh. occurring in the cervical, thoracic, or lumbar regions, 
observed in the Department of Orthopaedic .Surgeiy, State Universit}'^ of Iowa, from Sep- 
tember 193-1 to March 194.a.^ 

The diagnostic jiroblems jircsentefl by these forty-eight cases maj' be dmded into 
two main groups; first, location of the lesion; and, second, determination of its nature. 
In the latter group, the correlation of the stage of development of the infections due to 
different organisms with the changes seen in the roentgenograms is of diagnostic interest. 

CLINICAL .SVNDRO.MES 

f. The Hip-Joint Syndrome 

Acute pain in the region of the hip joint, flexion contracture, and limitation of move- 
ment associated with jiain, when accompanied by high temperature, toxaemia, and marked 
leukocytosis, usually lead to a tentative diagnosis of acute suppurative arthritis of the 
hip joint. When general and local symptoms are not so marked, the possibility of a 
tuberculous coxalgia arises. 

In only two of our cases were the general and local symptoms of sufficient intensit}’- 
to M-arrant consideration of the possibility of an acute suppurative arthritis of the hip 
joint. 

When hip pain is due to a spinal condition, careful examination of the hip joint 
reveals three main findings that, as a rule, can be relied upon: 

1. Palpation of the posterior aspect of the articulation produces no pain; 

2. Trochanteric percussion usually produces pain in hip conditions, but not in spinal 
conditions; 

3. Piestriction of motion is usually confined to extension of the thigh. 

Phj'sical examination of the lumbar spine may then confirm the suspicion of a lum- 
bar lesion by reA^ealing the following findings: 

1. Presence of a point or circumscribed area of tenderness to pressure OA’er the affected 
vertebrae, associated with local muscle spasm; 

2. Marked limitation of movement of the spine, particularly flexion; 

3. Pain in the lumbar spine following any attempt at extension of the leg. 

II. The Abdominal Syndromes 

In cases in which the spinal lesion is a pyogenic osteomyelitis, high temperature, 
pain, sharp muscle spasm in the right lower abdominal quadrant, and slight cutaneous 
hyperaesthesia may be the presenting symptoms, and the laboratoiy studies may show 
I marked leukocytosis and deAuation of the Aimeth index. 

* For a general analj-sis of the sixty cases of this condition seen in the University of Iowa Hospitals 

to September 1934, see report of Kulowski. 
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Garnett has called attention to intercostal neuralgia in jiatients complaining of 
abdominal symptoms, and has worked out several clinical tests Avhich enable the examiner 
to differentiate beUveen an abdominal pain due to abdominal disease and one due to an 
extra-abdominal lesion. These tests are based upon the fact that, if the condition is an 
abdominal one, local abdominal pain present during palpation diminishes or practically 
disappears when the patient contracts his abdominal muscles; Avhercas, in cases in which 
the cause of the local tenderness is pressure by the vertebi’al lesion on the roots of the 
nerves of the abdominal wall, no change appears. 

Among our cases there Avas only one in Avhich it Avas necessary to make a differential 
diagnosis betAA^een acute ajDpendicitis and A'crtebral osteomyelitis. 

A woman (N. R. K. — 10357), wliosc ostconiyelilic lesion involved tlie ele\’entli and twelflli tlioracic 
vertebrae, complained several times of jrain in her b.ack, radiating down both .“ides of the abdomen. 
As a rule, these pains were not severe, but one day all llic symptoms of acute a])pcndicitis developed. 
The appendix was removed and the syniiitoms disa|)])cared. Two weeks later, wJiile the patient was 
stiJ) in the Hosphn), abdojnina) pain again developed, and there was rcsislanrc to pi-cssnrc in the rigiit 
lower quadrant, accompanied b 3 ' slight elevation of lemj)craturo and leukoc.vtosis; this lasted for two 
da 3 's. Temperature ranging between 100 and 102 degrees contimietl for two weeks, during which time 
the patient had two similar attacks. All .symptoins di.Nipimarcd after the j)atient was placed on a Brad- 
ford frame, with traction, for one mouth. 

III. The Meningeal Syndrome 

In some cases the osteoniymlitic process is characterized by an acute onset of high 
temperature, malaise, Ammiting, headache, and clinical signs of meningeal irritation. In 
other cases the onset is more insidious, Avithout elevation of temperature, but Avith marked 
generalized spinal pain and positive Keruig and Brudzinski signs. From the symptoms, 
an acute suppuratiA^e meningitis or a tuberculous meningitis is suspected until an analysis 
of the spinal fluid and the roentgenograms sIioav an osteomyelitic focus, accompanied by 
a meningeal reaction. 

Three of our cases presented the meningeal syndrome. 

One patient (0. V. R. — 38-15274), a bo 3 ' of eleven 3 mars. showed all the s 3 'mptoms of acute infec-^ 
tious meningitis. Several days before his admission to the Hos])ital another patient from the same town 
had been admitted to another service with similar s 3 'mptoms. Epidemic meningitis and tuberculosis 
were ruled out on the basis of negative findings in the spinal fluid — including smears, cultures, and 
guinea-pig inoculation — the evolution of the process, negative tuberculin and agglutination tests, and 
the appearance, two weeks after onset, of a destructive process localized in the inferior epipliA’seal 
region of the ninth thoracic vertebra, accompanied b.v a narrowing of the corresponding intervertebral 
disc. The clinical S 3 miptoms disappeared two weeks after onset. The patient has been followed for eight 
years; the onl 3 ^ abnormalit 3 ’- present is a diminution of the intervertebral space between the ninth and 
tenth thoracic vertebrae, with what appears to be a calcification of the nucleus pulposus. 

The other tAAm patients presented similar symptoms, except that in both cases the 
temperature rise and systemic reaction Avere minimal. One Avas ten and the other tAA^enty 
years old. In both patients the tuberculin tests, smears, guinea-pig inoculation, and ag- 
glutination tests Avere negative. The roentgenograms became positiA’^e betAveen thre'e and 
four AA^eeks after the onset of symptoms, and shoAA'-ed localized lesions at the IcA'el of the 
epiphyseal regions, AAuth coincident narroAAflng of the intervertebral disc. 

IV. The Back-Pain Syndrome 

At the time of admission to the Hospital, forty-tAvo of our patients complained of 
pain in the back. According to the onset and the intensity of clinical symptoms, they may 
be placed in one of the three classical groups: acute, subacute, and insidious. The peculiar 
differential diagnostic problems of each group may be stated as ioiiows: 

A. Acute Form {Sixteen Cases) 

In this group, the average age Avas thirty- fiAm years. The oldest patient Avas sixtjA^ 
tAAm, and the youngest Avas eighteen. 
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There was a sudden onset of baek pain,— severe, constant, and, in the majority of 
cases, increasing in intensity and interfering witli sleep; in some there was radiation of 
pain to tlie corresponding jicriplicral segments (cliest, alidomen, or extremities). Local 
tenderness and muscle spasm were marked. All patients were toxic. Temperature eleva- 
tion, high in all. had been iiresent since onset of the disease in twelve patients; in three 
jiaticnts it apiicared after two days, and in one after a week. 

Leukocytosis was iiresent. with white blood cells ranging from 12,000 to 35,000. The 
sedimentation rate was increased. Agglutination tests for hlalta fever, typhoid, and 
paratyjihoid fever were negative in all cases, as was the ll'assermann reaction. 

The blood culture was jiositive for non-hemolytic Streptococmis in one case, and 
positive for Staphylococcufi aureus in six cases. It was positive ior Streptococcus viridans 
in two cases and negative for this organism in two cases. In the remaining cases the record 
is not available, since these patients were not seen on this Service until after the acute 
stage. 

Abscess formation aiijiearcd in twelve jiatients after intervals of from one to three 
weeks following the onset of the clinical symptoms. The diagnosis in these twelve cases 
was confirmed later, when smear, culture, and guinea-pig inoculation had ruled out all 
except the pyogenic micro-organisms. In ten of the cases with abscess, hemolytic 
Staphylococcus aureus was obtained; in one there was beta-hemolytic streptococcus; in 
another — with sinus formation on admission — both Streptococcus viridans and Staphylo- 
coccus albus were obtained. 

In the remaining cases, without abscess formation, the diagnosis was based on the 
typical clinical course and the sequence of roentgenograms. Other peculiarities in favor 
of the diagnosis were as follows: 

In one c.asc the (Ic.^tniclivc jiroccs-s in the spine .appeared three weeks after onset of a pj’ogenic in- 
fection of the patient's hand. On admission the blood cultures were positive for non-hemolj'tic strep- 
tococcus. All other te.sf.s were negative, except the tuberculin test. The vertebral lesion healed, and in 
seven months produced a .«olid block of two vertebral bodies. The patient has been completely free 
of sj'mptoms for the p.ast nine years. 

In another patient, the vertebral lesion st.arted three weeks after the healing of a suppurative mas- 
toiditis, which had boon draining for the previous two months. Test.® for other conditions were nega- 
tive. The spinal lesion healed in .«ix months. The patient has been completelj’ free of S 3 'mptoms for 
the past seven and a half j'cars. 

Two other patients wore admitted four weeks after the onset of the process. The history was typi- 
cal of p 3 -ogenic spond 3 ’litis, and no other source of infection could be detected. According to the 
roentgenograms, the spinal lesion healed in from seven to eleven months; the observation time of com- 
plete cure has been five and nine 5 'ears, respectiveb'. 

B. Subacute Osteomyelitis of the Spine {Seven Cases) 

■ In these patients the toxaemia is mild. In three of these seven, the process started 
following serious pyogenic infections in other parts of the body (lesion of the upper lip, 
perinephritic abscess, pyogenic tenosynovitis) . In all of these patients the tuberculin test 
was negative, as were all other skin and agglutination tests. 

In another patient (M. F. — 38-15120) the onset was insidious, with low temperature, backache 
of mild character, and formation of several abscesses, which clinicalb' showed the characteristics of a 
cold abscess. Roentgenograms of the spine showed destruction accompanied Iw marked decalcification, 
and so the possibilit 3 ^ of a tuberculous spond 3 -litis was seriously considered. For these reasons, four 
guinea pigs were inoculated with the pus; all tests were negative. The agglutination tests and the 
fungus cultures were also negative. The onb' bacteria that could consistentb' be obtained from the pus 
were the beta-hemolytic streptococcus and the Staphylococcus aureus. One year later, the patient died, 
after progression of the infectious process, and the postmortem findings confirmed the diagnosis. 

The remaining three cases constitute a subgroup that present special clinical and 
diagnostic problems, — ^the group with epidural abscesses. Cohen and Dandj^ have both 
written about the diagnosis of epidural abscess. 
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Infection of the epidural space occurred in our cases as a complication of osteomyelitis 
of the laminae. The diagnosis was made clinically in two of the cases. In one of these, a 
flaccid paralysis of the lower extremities developed, following elevated temperature, pain 
in the low back, and difficulty in voiding. 

The other patient had a furuncle on Ins loft forearm, and one inontli lafer tlie .same clinical picture, 
characterized bj" back pain, slight (emi)eraturc elevation, and diflicull}’ in voiding, appeared. Two da.v,s 
later signs of meningeal irritation became evident. On admission, an emergency drainage of the back 
was performed. The patient died one month later. At necrop.sy, acute ostcomj’elitis of the laminae 
was found, with several abscesses in the epidural space from the thor.acic to the lumbar region, in addi- 
tion to multiple pyogenic foci in the pleura and kidneys. The culture showed homolj’tic Slnpliylocnccus 
aureus. 

The following case presents the tj’-pical histoiy, and constitutes a good example of 
the differential diagnosis between an epidural abscess and anj' other condition producing 
low-back pain. 

Two weeks before admission the jiatient, while lifting a heavy load, felt a .sudden, .sharji pain in his 
low back. The pain became progressively wor.se, and during the following days it could not bo con- 
trolled by strapping, traction, or mor]ihinc. Ten d.ays later, difliculty in voiding devcloiied, requiring 
catheterization. Phj'sical examination on admission revealed tondcrnc.ss over the siiinous jiroco.ss of the 
third lumbar vertebra, marked limitation of motion of the lumbar .sj)ine, and marked imi.scle spasm. 
The patient was unable to stand, because of weakne.«s in the lower extremitie.s and tremor in his right 
foot. Neurological examination was otherwise e.s.sentially neg.ative. For ten flaj's the iiatient w.as kept 
in traction, but the pain became so severe that syncope oecuircd on one occasion. The daily temiiera- 
ture was 100 degrees, which was the same as that recorded on admission. There was slight leukocytosis; 
the roentgenograms were negative. During the next week the patient imi)rovetl slightly; therefore 
conservative measures wore continued. One and one-half months after the onset of the initial .symp- 
toms. the patient had a severe ]iain in his back with radiation down both legs. No relief was obtained 
b}' the use of morphine, and a laminectomy was performed. A typical epidural abscess was found at the 
level of the fourth lumbar interspace, secondary to an osteomyelitic process of the neural arch. 

As far as the differential diagnosis between an epidural abscess and a chronic granu- 
loma is concerned, our experience is based upon only one case of chronic granuloma,- 
appearing in a patient with infectious spondjditis produced by Malta fever. In the granu- 
loma the development of the process was slower, over a period of eight months, and the 
pain was not so severe. 

Epidural abscess may be differentiated from neoplasm developing in the spine by the 
presence of temperature elevation and leukocytosis, and by the sudden onset and rapid 
development of the process. The growth of a neoplasm usuallj'- continues for a period of 
months instead of days. 

C. Osteomyelitis of the Spine of Insidious Onset [Nineteen Cases) 

These patients did not experience temperature elevation or other general reaction. 
In most cases the pain was very sharp and was not relieved by rest ; it was more intense 
at night and was aggravated by coughing and sneezing. Radiation of pain was not a con- 
stant feature. Loss of weight was present in practically all of the cases. 

The most constant physical findings were limitation of motion of the spine and the 
detection, either by palpation or percussion, of an area of localized tenderness. Roent- 
genogramS'showed the presence of a destructive process in the vertebral bodies of seven- 
teen of the cases. In the other two cases, the destruction was limited to the neural arches. 

In view of such a clinical and roentgenographic picture, other infectious processes 
should be taken into consideration. Typhoid and paratyphoid fever, Malta fever, mumps, 
and pneumococcus spondylitis can usually be ruled out by the clinical history, the agglu- 
tination test, and the skin test. However, the question: “Is this process a low-grade 
pyogenic or a tuberculous osteomyelitis?” arises almost daily. 

In considering this question, we must separate the cases in which the infectious 
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process is localised oxchisivoly in (lie neural arches, because these cases are practically 
always of pyogenic origin. Invasion of the posterior arches by the tubercle bacillus is 
nnconnnon. Anderson stated tliat up to 1940 there were only twelve cases of tuberculosis 
of the siiinous process cited in the foreign literature; he reported the first case in the 
American literature. 

Our two cases of insidious onset and course, with isolated destruction of the neural 
arches, were both proved to bo osteomyelitis. Pus collected, with all the clinical symptoms 
of a cold abscess, several months following the onset of symptoms, and the cultures 
yielded Stciphi/lococcuf: aureus. 

Of the remaining seventeen eases of pyogenic spondjditis of insidious onset and 
evolution, afi'ccting the vertebral bodies, the differentiation between pjmgenic infection 
and tubercul(.^is was based on the following findings: 

1 . In four cases, pyogenic organisms were cultured from the pus of abscesses, with 
the clinical characteristics of cold abscesses, that appeared several months after the onset 
of symptoms. 

2. In three cases, the destructive spinal condition appeared from two to three months 
after an intense pyogenic infection in some other part of the body. 

3 . In two cases, the patients had several active foci of osteomyelitis involving the 
extremities. 

4 . In five cases, the tuberculin test was consistentlj' negative, in spite of being re- 
peated several times at different concentrations. 

5 . In the remaining three cases, our diagnosis was justified by the following means: 
(a) Other infectious processes were carefully ruled out and (b) the series of roentgeno- 
gi'ams showed a process identical in its course with that of proved cases of pyogenic 
osteomyelitis of the vertebral bodies. 

IVith two exceptions, all the cases of this group have been observed for more than 
five years, during which time the patients have been completely free of symptoms and 

there has been no reason to change the diagnosis. 

I 

DIFFERENTIAL DIAGNOSIS OF PYOGENIC SPONDYLITIS FROM A ROENTGENOGRAPHIC 

POINT OF VIEW 

In pyogenic infections affecting the neural arch, we have found involvement of the 
spinous articular and transverse processes, and of the laminae. The infections that involve 
the vertebral body may be either localized or diffuse. Each of these two possibilities 
presents different diagnostic problems. 

Unfortunately there are no reliably characteristic roentgenographic findings for the 
different types of infectious spondylitis. As regards the diagnosis of spondylitis due to 
^lalta fever, typhoid fever, mumps, or any other specific vertebral infection, it is necessary 
to rely mainly on the clinical history, the agglutination tests, the skin tests, and the blood 
findings in each case. In our cases we found that, after all the possibilities had been 
exhausted, the most frequent diagnostic problem was to differentiate between pyogenic 
and tuberculous spondylitis. 

For the reasons just explained, forty-three cases of proved tuberculosis of the spine, 
with good roentgenographic follow-up and presenting initial lesions verj^ similar to those 
encountered in the cases of pyogenic spondylitis, have been selected for comparison in 
this studJ^ 

Pyogenic Osteomyelitis Adjecting the Vertebral Body 

A. Localized Forms 

In the localized forms of pyogenic infection of the vertebral body, the lesion was a 
small, circumscribed destructive area, situated close to the epiphj’-seal ring or the carti- 
' laginous plate. A slight narrowing of the intervertebral disc was present in the first stages 
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of the process, accompanied by some atrophy of the bony tissue surrounding the focus of 



Fig. 1 

Roentgenogram showing notching of the infe- 
rior surface of the body of the third lumbar 
vertebra and of the upper surface of the body of 
the fourth lumbar vertebra. There was slight 
diminution of the intervertebral space. 



Fig. 2 

Localized lesion in upper anterior border of the 
body of the third lumbar vertebra, two weeks 
after the onset of the clinical symptoms. 


infection. Within an average of from four 
to six montlis some sclerosis appeared 
around tlic initial focus, and in some cases 
a slight reactive new-bone formation was 
visible as earlj^ as three months following 
the onset of symptoms. In our cases, the 
process healed within periods ranging from 
nine to twelve months. The roentgeno- 
graphic follow-up of these patients for pe- 
riods exceeding five years showed that the 
onl}^ residual abnormalities were irregulari- 
ties in outline of the previously affected 
body, a thinning of the intervertebral disc, 
and, in some cases, a localized osteophytic 
formation. 

There were eight cases of localized 
pyogenic spondylitis in our series. In two 
patients, the destructive process was in- 
itially located at approximately the center 
of the upper or lower surface of the verte- 
bral body. One of these healed in six 
months, the only residual alterations being 
a thinning of the intervertebral disc and 
what appeared to be calcification of the 
nucleus ]mlposus that has been persistent 
for the last six years of observation. The 



Fig. 3 

Localized lesion in another case of proved 
osteomyelitis of the spine, five months after 
onset of the clinical symptoms. 
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other patient Inui a similar localization and evolution, the residual deformities being a 
notching of the upper and lower surfaces 
of the two contiguous vertebral bodies 
and a diminution of the intervertebral 
space (Fig. 1). 

Ghonnley, liickel. and Dickson re- 
ported several similar cases and explained 
the etiologx’ as infectioiH processes con- 
fined to the intervertebral disc. The fact 
that our (wo patients wore boys ten and 
eleven years ohl, respectively, could be 
used as evidence in favor of this hypothe- 
sis."'’ It is diflicult. however, to determine 
whether the notching of the vertebral sur- 
faces in our second case was due to a 
primary osseous focus or was only a de- 
formity secondary to an infectious process 
of the intervertebral disc. 

In four cases the localized pyogenic 
focus was situated in the epiphyseal ring 
(Figs. 2 and 3). The iniiicnts were be- 
tween two and fifteen years of age. In 
one of them we were able to recognize 
signs of new-bone formation one month 
after the onset of the clinical symptoms 
(Fig. 4). Gottlieb reported a similar case 
and explained the cause as an infectious 
process circumscribed at the annulus 

fibrosus. Freedman described a proved case in a fourteen-year-old girl, in which onty the 
epiphyseal ring was involved. We have not observed any cases of the localized type in 
adults. 

Another group of localized pyogenic infections was represented by two cases in which 
the process affected exclusively cither the anterior or the lateral surface of one or several 
vertebral bodies. This was observed in patients with osteomyelitic involvement of the 
neural arches; when surgical drainage was performed, several abscess extensions were 
found directed toward the vertebral bodies. Such extensions were also found in an abscess 


'V- 


Fig 4 

Localized destructive le=ion of the lower surface 
of the third lumbar \ertebral body, four weeks after 
onset of the clinical sj’mptoms There is a decrease 
of the intervertebral space and reactive new-bone 
formation. 


spreading along the anterior surfaces of the contiguous vertebrae. 

If these different types of lesions are considered fi’om the point of A’iew of the differ- 
ential diagnosis, it will be obseiwed that any one of them can be produced either bj* a 
pyogenic or by a tuberculous organism. It is not the shape of the lesion or its localization 
that makes it possible to differentiate bertveen the two conditions. Only through care- 
ful study of roentgenogi’ams taken at intervals over a considerable period of time v ill the 
differences in the progress of the two lesions make possible a differential diagnosis. 

Fifteen cases of proved tuberculous epiphyseal spondylitis were studied foi purposes 
of comparison. Similar to our pyogenic cases, during the early stages of the process they 
presented a progressiA’^e thinning of the interA'ertebral space, atrophy of the osseous tissue, 
decalcification, and, in some, a focus situated just below the epiphyseal plate. HowcA'cr, 
the CAmlution or progress of the two diseases was different. In the cases of osteomyelitis, 
the process lasted from nine to twelA'C months; in the tuberculous cases, the thinning of the 
iisc progressed for periods aA’eraging two to three years. In the pyogenic cases, diminu- 
tion of the interA'ertebral space A\'as only partial; in the tuberculous cases (due to longer 
duration of the process) , the thinning progressed slowly, until both vertebral bodies came 
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Fig. 5 Fig. 6 

Fig. 5: Epiphyseal type of proved luberculo.'is (lure yeans after onset of a slow and jrrogres.sivc 
thinning of the intervertebral disc. 

Fig. 6; Marked bone-bridging in a proved case of osteomyelitis of the siiinous processes, laminae, 
transverse processes, and lateral surfaces of the vertebrae, due to Slrcplococcus liaemoli/licus. The 
bridging extends from the first to the fifth lumbar vertebra, the intervertebral spaces being preserved. 


in close contact (Fig. 5). In pyogenic cases, reactive new-bone, formation could be rec- 
ognized as early as one to three months after the onset of symptoms; spur formation in 
the tuberculous type was minimal, late, or not present at all. Finall}’’, the sclerosis around 
the primary focus was clearly visible earlj’- in the cases of pyogenic infection; in tubercu- 
losis it was absent or of very mild intensity in the early stages. 

The differential diagnosis in cases involving the anterior or lateral surface of the 
vertebral body depends upon the roentgenograms. In some cases of tuberculosis, there 
was a notching of the anterior surfaces with preservation of the intervertebral disc and 
cartilaginous plates ; while in pyogenic infections, although the intervertebral spaces were 
preserved, the process had produced several spicules of new bone, easilj’’ detectable in the 
lateral view, or marked bone-bridging (Fig. 6) . 

B. Diffuse Forms 

In these cases the process is not localized, but produces a diffuse pyogenic spondy- 
litis. This occurred in thirty-two of our cases of pyogenic spondylitis. For differential 
purposes, we have compared them with twenty-eight cases of the central type of tuber- 
culous spondylitis, of which good follow-up roentgenograms were available. 

In iDyogenic infections of the vertebral bodies, during the early and atrophic stages, 
a fuzziness of the limits of the upper and lower surfaces of the vertebral bodies could be 
observed, as well as a lessening in their density (Fig. 7-A) . However, this isolated atrophy 
did not last long. As early as two months after the onset of symptoms, small spicules of 
reactive new-bone formation were observed. Eventually the atrophy was replaced by a 
dense sclerosis, present throughout the entire remaining portions of the bodies of the two 
contiguous vertebrae (Fig. 8-A) . This sclerosis appeared as early as three months after 
the onset of symptoms, and persisted for periods ranging from three to six months. A solid 
' bony block appeared at the termination of the period of sclerosis (Fig. 8-B). In one case. 
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Fig. 7-A 

One and a half month'' after tlie on»ct of 
sj’niptom'-', the entire intervertebral .‘■']iac'c 
was involved. 


Fig. 7-B 

Four months after on^et of sj’mptoms 


with progressive spreading of the jirocess. the 
atrophy persisted until the deatli of tlie patient, 

^ one year later. 

On the other hand, the cases of infectious 
spondylitis, produced by the tubercle bacillus, 
presented marked atrojihy for at least two years. 

This atrophj- was rarely replaced by sclerosis, 
but usually by a clearer delineation of the struc- 
ture and trabeculation of the vertebral bodies. 

Increase in density, in our recumbent tubercu- 
lous patients, was a transitory and mild phe- 
nomenon, except when it was due to the presence 
of sequestra or sudden collapse of the body, or 
when it occurred in cases with mixed infections. 

Block formation was a veiy late phenomenon, 
usually between four and six years after the onset 
of the clinical sj’mptoms, and was prone to pro- 
duce sudden collapse of the diseased vertebrae. 

Reactive new-bone formation, which was a 
rare phenomenon in the tuberculous cases, except 
in those of long duration, was seen in the lower segments of the lumbar spine, where calci- 
fication or ossification of the intervertebral ligaments was also evident. 

Although there is no doubt that marked reactive bone formation does occur in certain 
cases of tuberculosis of the spine, it is rare. When it does occur, it is usuallj’’ in the late 
stages of the process and is usually circumscribed at the lumbar spine. On the other 
^ hand, in the diffuse forms of pyogenic spondj'litis, reactive new-bone formation is, as a 
i^le, an earlj' and marked phenomenon. 
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Fig. S-A Fig. S-B 

Fig. 8-A: Complete involvement of the intcrvcriebral .xpace bclwoen the ninth amt tenth thoracic 
vertebral bodies, seven months after the on.«et of .symptoms. There i.s marked scleros-is of the in- 
voh-ed I’ertebral bodies. 

Fig. 8-B: Solid block one year after onset of .symptoms. 


Increased Roentgenographic Density in Coses of Tnberculous Spondylitis 

It is erroneous to assume that areas of increased roentgenograpliic densit}- cannot b( 
observed in cases of tuberculous spondylitis. Aubry and Pitzen have called attention tt 
the fact that in some cases there is an increase of the osseous density at the level of tin 
pathological process, and they attributed this phenomenon to a process of trabecula: 
penetration secondary to pressure. Later, Freund confirmed these findings in cases o 
tuberculous spondylitis with caseation, and explained them on the basis of the affinitj 
that the caseous material has for the calcium salts. 

Finder described the presence of sclerosis and sequestration in a case of healinj 
tuberculosis of the spine, and believed that these conditions were due to the healing process 
Compere and Garrison were able to confirm these findings only in cases of secondarilj 
infected tuberculous spondylitis, and attributed Finder’s observations to the fact that his 
specimen was obtained from a patient who had multiple abscesses and discharging sinuses 

More recently, Cleveland and Bosworth have called attention to the fact that there 
is a high incidence of sclerosis in human tuberculosis of the spine, due to a massive loss 
of blood supply. Auerbach and Stemmerman also found that, in the roentgenograms oi 
hemisections of spines with productive tuberculous lesions, there were consistently present 
areas of increased density that, for lack of a better term, were referred to as areas of 
sclerosis. 

In spite of all these descriptions, the fact remains that in tuberculosis of adults, areas 
of increased density are noF-tfrequently found in the roentgenograms of living subjects, 
with the exception of patients with secondary infection, huge sequestra, or sudden collapse. 
Areas of increased density are sometimes obseiwed in children during the very early stages 
of the disease, or during the healing period. 

This apparent paradox can be explained by the statement of Cleveland and Bosworth 
that, in most cases, the roentgenographic images fail to reveal the presence or full extent 
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of the condition. Altlumiih the roentfxenoirrams of their jiathological specimens showed 
eitlier mottling (tr very flelinite selero.-^is, the roentgenograms of the same patients, taken 
during life, .••howed definite selerosi.': in only one ease (Sea View Hospital, No. 11322). 
In another ease (Sea View Hospital. No. 2797) the amount of sclerosis and calcification 
seen hy roentgenogram, taken before death, was so slight that it escaped the notice of 
the authors. 

The same (liserejianey hetween the roentgenograms of living subjects and those of 
pathological specimens was em])hasized by llosworth in 1939. iMore recently, Auerbach 
and Stemmerman have reached similar conclusions. 

Therefore, although increase of density and sclerosis in tuberculous spondylitis, as 
seen in the roentgenogram, is a ]ihenomenon which it is difficult to observe in living sub- 
jects, in ]\vogenic spondylitis it is clearly visible. accom]ianicd by spur formation and 
appearing after an atroiihic period lasting from ;i few weeks to a few months. Conse- 
ciucntly, it has great diagnostic value in differentiating between the two conditions. 

As previously stated by Stcindler, the cases of so-called tuberculous spondylitis, 
characterized in the roentgenogram by marked sclerosis and bone formation, should be 
observed with suspicion, as they may jtrove to be cases of chronic staphj’lococcic 
osteomyelitis. 
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While the generally accepted opinion is that osteomata and osteocliondroinata arc 
benign lesions, it is recognized by those who have seen many of these lesions that they 
may sometimes be difficult to eradicate surgicallj'^, and at times may apparently become 
malignant and terminate fatally. This is particular!}’’ true of lesions involving the hones 
of the pelvis. When such a tumor has a definite pedicle, and complete surgical removal 
can be carried out, the prognosis is good. On the other hand, many of these tumors, par- 
ticularly those arising in cancellous bone, arc not well pedunculated, and complete surgical 
removal is difficult. The extent of involvement of cancellous bone by chondromatous tissue 
is often difficult to determine, because the roentgenogram docs not reveal its extent, and 
about the only way to determine the presence of chondromatous tissue is by examination 
of , microscopic section. Lesions on the inner surface of the pelvic bones may be almost 
completely inaccessible by any type of conservative surgical iiroccdurc. 

The symptoms which cause the patient to seek relief are ]iain, swelling, and deformity. 
In some instances, however, no symptoms are present and the lesion is discovered acci- 
dentally when roentgenograms arc made for some other reason. Pain may have persisted 
for several years before the true nature of the condition is discovered. In some cases, in 
which for various reasons surgical removal has not been accomplished, the tumors have 
grown to huge size, and the patient has suffered intense pain for many years. 

Meyerding ^ has reported the removal of 265 exostoses from 232 patients. The known 
duration of the condition varied from a few days to thirty-five years; the average dura- 
tion was four and one-half years. Eighty per cent, of the patients were between the ages 
of eleven and forty years. In 39 per cent, there was a history of trauma, although in many 
cases the injury caused recognition of a pre-existing condition. Four of the patients stated 
that the condition was familial. Of the pelvic lesions, fourteen were situated in the ilium, 
four in the pubis, and two in the ischium. In 10 per cent, of the cases, the ostcochondromata 
recurred after they had been removed surgically. 

MATERIAL 

The present paper is based on a study of forty patients with osteochondroma of the 
innominate bone, upon whom operation was performed at the Mayo Clinic during the 
years 1910 to 1943, inclusive. In each case the diagnosis was verified by microscopic 
examination. Twenty-six of the patients were males, and fourteen were females. Their 
ages ranged from four to sixty-two years; the average age was thirty-three and one-half 
years. Three of the patients had multiple congenital exostoses. 

CLINICAL DATA 

In thirty-seven patients, the duration of symptoms varied from one week to twenty- 
one years, averaging three and one-half years. In the other three, the tumor was discovered 
incidentally. The initial symptoms were as follows: A mass was discovered in seventeen 
patients, pain in thirteen, a limp in one, a weak leg in one, urethral discharge in one, a 
slow urinary stream in one, a limp and “tired” hip following injury in one, and a limp 
and an ache following “poliomyelitis” in childhood in one. The original symptom was not 
recorded in one case. 

In six patients, trauma had preceded the onset of symptoms. The interval between 
the injury and the onset of symptoms varied from one to sixteen years; the average in- > 
terval was four and one-half years. Three other patients said that an injury had occurred . 
at the time the symptoms had begmi. 
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At some time during the course of the disease, twenty-eight patients had experienced 
pain or discomfort; this was dcscrii)cd as tenderness to pressure, an ache, or a severe pain. 
Two patients complained of pain which did not seem to be related to the tumor. Twenty- 
one patients had noted a mass or a prominence. In one case the tumor had been discovered 
by the family physician. In two cases the tumors were found during childbirth, and in two 
cases they had been discovered by rocntgenographic examination. Fifteen patients stated 
that the mass had increased in size. A limp was recorded in seven cases. One patient 
(Figs. 1-A and 1-B) complained of a urethral discharge, and another (Figs. 2-A and 2-B) 
complained of both a slow nrinarj- stream and a progressive decrease in the size of His stools. 

The location of the tumors is shown in Table I. The primarj" lesion was intrapelvic 
in ten cases; in five cases, the recurrent lesions were intrapelvic. The right side was 
involved in sixteen cases, and the left in twenty-four cases. 


TABLE I 

Site of Involvf.ment 



Xumber of Ca.^e.' 

Ilium 

Anterior .^iperior spine 

10 

Crest and wing 

7 

Posterior spines 

4 

Acetabular region 

3 

Too large to localize 

4 

Pubis 

8 

Pubis and ischium 

3 

Ischium at acct.'ibulum 

1 

.\cet.abulum and femur 

1 

Total 

41* 


♦ One patient, who liad multiple congenital exosto=es with lesions of ilium 
and pubis, is included twice. 


In twenty-six cases, roentgenogi'aphic examination did not disclose evidence of meta- 
static involvement of the thorax, and in one case the presence of such involvement was 
questionable. In the remaining thirteen cases, no mention was made of metastatic involve-'^ 
ment of the thorax. 


TREATMENT AND RESULTS 

Sixty-nine surgical procedures were carried out on the fortj'- patients (Table II). In 
one patient, twelve operations, in addition to cauterization, were performed in twentj'-three 
years. Eleven attempts were made to excise the tumor, and on another occasion a sinus 
was curetted. Five operations were performed on one patient ; three operations were per- 
formed on three patients; two operations were performed on four patients; and one opera- 
tion was performed on twenty-eight patients. In two cases, excision was performed in two 
stages. In eight cases, cauterization was applied after the first procedure. In five of these 
cases, the tumor had not recurred when the patients last were heard from. The tumor had 
recurred in two cases, and follow-up data could not be obtained in the remaining case. 

Table III shows the diagnoses based on microscopic examination. In the first case 
listed, the patient apparently was well eight years after the last operation. In the second 
case, the patient died five months after the last operation. When follow-up data last were 
obtained in the third case, the condition of the patient was becoming worse. The fourth 
patient died thirteen months after the last operation. The fifth patient died of a recurrence, 
four years after the last operation. The sixth patient underwent another operation after he 
left the Clinic. In the seventh case, a recurrent tumor was removed ten months after the 
first operation. When follow-up data last were obtained in the eighth case, the condition 
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Fw. 2-A Fig. 2-B 

Uooiilj'cnogijiin sliowiiin osicochondioma that, had caii.'fcd t>lo\ving of the llcnnicnco of tumor cloven months after opciation. 

urinary stream and a deeiease in the size of the stools. 
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TABLE II 

SuiiGiCAL Procedures Carried Out on Patients ivitii Osteociiondromata 


Procedure 

Times Procedure wa.*; 
Performed in Re- 
spective Cases 

Number 
of Cases 

Number of Procedures 
I’erfoi med in Re- 
spective Cases 

Excision 

12 

■1 

13 

Cfiiiterization 

1 

1 

Excision 

5 

1 

5 

Excision 

3 

3 

0 

Excision 

2 

4 

8 

Excision in stages 

2 

2 

4 

Excision 

1 


o 

Partial excision 

1 

1 


Excision 

1 

22 

22 

Partial excision 

1 

4 

4 

Biopsy 

1 

2 

2 

Total 


40 

GO 


of the patient had become worse. In the ninth case (Figs. 3-A, 3-B, and 3-C) the tumor 
had not recurred ten montlis after the last operation. The wciglit of tlie tumor, which was 
recorded in twenty instances, was Ijetween 20 grams and 2,850 grams. 

Some observers believe that, once incomiilctcly removed, many, if not all, of these 
tumors tend to become more active in their growth and ultimately to become malignant. 
AVe cannot prove this to be consistently true from the facts i-cvealcd in this review. In the 
first case in Table III, the condition was twice diagnosed as sarcoma on microscopic 
examination, but nine times as a benign lesion. The fact that the patient was well eight 
years after the last operation would leave doubt about the iircscnce of a malignant lesion. 

Eleven patients received i)ostoi:)erative irradiation therapy. In seven of these cases, 
roentgenotherapy was employed; in two, radium thei'apy was employed; and in two, both 
radium and roentgenotherapy were used. 


TABLE III 

Diaonoses Based on Exa.min.ation of P.vtholooicai, Specimens 


Diagnosis 

Number of Times 

Diagno.sis was Made 
in Resjiective Cases 

Number of 

Cases 

Chondrosarcoma 

2 


Inflammation 

2 

1 

Osteochondroma 

7 


Osteochondroma 

1 

1 

Mixed-cell sarcoma 

1 

Osteochondroma 

5 

1 

Osteochondroma 

2 

1 

Chondromyxosarcoma 

1 

Myxochondroma 

1 

1 

Osteom 3 'xochondroma 

1 

Osteochondroma 

3 

1 

Osteochondroma 

2 

1 

Cellular chondroma or 
malignant osteochondroma 

1 

1 

Chondroma 

1 


Recurrent cellular chondroma 

1 

1 

Osteochondroma 

1 

20 

Chondroma 

1 

6 

Degenerating osteochondroma 

1 

3 

Degenerating chondroma 

1 

1 

Mj’xochondroma 

1 

1 

Total 
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In two of the seven patients receiving roentgenotherapy, the only surgical procedure 
]U'ior to this treatment was the removal of tissue for biopsy. One of these patients has 
died, and the other under- 
went a subsequent operation. 

In the third case, the tumor 
was partially removed; two 
courses of postoperative 
roentgenotherapy were given 
at the Clinic, and two courses 
were given elsewhere. The 
patient Avas reasonably com- 
fortable uhen last heard 
- from, thirty-tin cc months 
later. In the fourth ease, we 
gave a second course of post- 
operative roentgcnotheraiiy 
after it had been employed 
elsewhere, but the patient 
died. In tAA'o other cases in 
which postoperative roent- 
genotherapj’^ was employed, 
the patients also have died; 
in one, roentgenotherapy was 



Fig 3-A 

Chondioma of light ilium 
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employed after three unsuccessful attempts to remove a lesion that proved to bo malig- 
nant. In the seventh case, the patient was well ten years aftei- discharge from the Clinic. 

In one case in which radium therapy was employed, the patient has died. In the other 
case, radium therapy was employed after the removal of a recurrent tumor. When the 
patient returned to the Clinic on two occasions during the next year, there was evidence 
that the tumor had recurred; however, eleven 5^ears later the patient was well, and stated 
that he had not observed any evidence of recurrence of the tumor. 

In one of the two cases in which both tyjies of irradiation treatment were employed, 
the tumor recurred; in the other case, the patient has died. 

The value of roentgenotherapy or radium therapy in these cases seems doubtful. 
There was only one case in which it may have done anj’- real good. 

One patient, who has undergone thi'cc operations since leaving the Clinic, subsequently 
returned with metastatic involvement of the thorax. Another patient has had two opera- 
tions since he left the Clinic. Two patients were given ii-radiation therajiy elsewhere after 
they had been operated upon. 

Nine, or 22.5 per cent., of the forty patients arc known to have died. Their symptoms 
had been present for from nine months to twenty-one years before the patients first were 
operated upon at the Clinic; the average duration was five and one-half years. In seven 
of these cases, the patients lived for from one to six j^ears after thej’- were operated upon; 
the average period of survival was 3.3 3 mars. The date of death of one of the two remain- 
ing patients is unknown; the other died of operative shock. 

It must be noted that we do not have necro])S 5 '’ findings to determine the true nature 
of the lesions. If such findings were available, they might show malignant changes in 
several of these patients. 

Eight, or 20 per cent., of the patients in this scries were living when the last follow-up 
data were obtained, but their tumors had recurred. Symptoms had been present for from 
five months to ten years before the patients first were operated upon ; the average duration 
of symptoms was 3.8 years. The period covered by the follow-up study varied from ten 
months to twenty-one years, averaging seven years. A little more description is given of 
five of these cases, to indicate the conditions encountered. In one patient there was evi- 
dence of a recurrence of the tumor on each of two occasions on which he returned within 
a year after operation; but in a letter received recently, twenty j’-ears after the operation, 
the patient reported that he was well. A second patient, in whom postoperative roent- 
genographic examination disclosed a fragment of osseous tissue, returned for a check-up 
thirteen years later. At this time, the fragment apparently was increasing in size. In a 
third patient, two operations had been performed elsewhere in 1937 and 1938, three were 
performed at the Clinic in 1939 and 1940, and two were performed elsewhere in 1942 and 
1943. In a fourth patient an attempt was made to remove the tumor in 1939; the patient 
reported by letter in 1943 that his symptoms had returned. Another patient, who had been 
operated upon elsewhere in 1938 and upon whom we performed extirpation in 1940 and 
rhizotomy in 1941, was still living, although bedfast, in 1943. 

In two, or 5 per cent, of the forty cases, not all of the tumor was removed. One of 
these patients is still living, sixteen j’-ears after the operation. The other patient was 
having “little trouble” when last heard from, thirty-three months after the operation. 

Recurrence of the tumor cannot be regarded as a sign of malignancy. It has been 
pointed out that thorough and complete removal of these tumors is at times very difficult. 
If removal is incomplete, recurrence is sure to follow, although not necessarily as the result 
of malignant degeneration. 

No follow-up data were obtained on six (15 per cent.) of the forty patients. One of 
these patients was operated upon in 1940, and the other five in 1943. In one case, opera- 
tion was performed solely to obtain material for biopsy. ^ 

In fifteen, or 37.5 per cent., of the cases, there was no evidence of recurrence when the '■ 
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patients last wrote or were seen at the Clinic. The interval between the last operation and 
the time the last follow-up data were obtained varied from six months to sixteen years, 
averaging 6.7 years. This group includes the patient upon whom thirteen operative pro- 
cedures were jicrformcd, five patients who received cauterization, one patient who received 
liostoperative irradiation, and one patient upon whom an interinnomino-abdominal (hind- 
quarter) amputation was performed for a recurrent chondroma (Fig. 3-A). Ten months 
after the amputation the patient reported that he was well. 

Definite malignant changes were not found at the first operation, but were ultimately 
found in the lesions of four, or 10 per cent., of the patients. In one case a diagnosis of 
osteochondroma was made at the first operation, and a diagnosis of mixed-cell sarcoma 
was made at the second operation, ten months later. In another patient, three surgical 
procedures had been iicrformcd elsewhere, and a diagnosis of chondroma was made at the 
time of operation at the Clinic. Three more operations were subsequentlj"^ performed else- 
where. The patient then returned, and rocntgenographic examination revealed a local 
recurrence and metastatic involvement of the lung. The third case was diagnosed as 
osteochondroma, and operations were performed. A diagnosis of chondromyxosarcoma 
was made at the time of the third operation. In the fourth case, biopsy was performed 
and the tissue was diagnosed as chondroma. The patient died a year later, however, and 
sections sent to us of lesions in the pelvis, lungs, and omentum disclosed fibromyxo- 
chondrosarcoma. Grade 3, according to the classification of Broders. 

These four cases are the only ones in which an original microscopic diagnosis of 
chondroma was made, to be followed later by a diagnosis of some type of malignant tumor. 
It might be argued that in many such cases the tissue would present the picture of benign 
chondroma in some places, but definite malignant changes might be seen elsewhere. Proof 
of the actual mutation of the tumor from a benign to a malignant status cannot be given. 

In addition to these forty cases, sixteen patients were observed during the same period 
(1910 through 1943) in whom malignant chondromatous lesions of the pelvis were present 
when the patients first were operated upon at the Clinic. In another case, examination of 
a specimen which was sent to the Clinic disclosed a malignant lesion. The type of malig- 
nant lesion was as follows: chondrosarcoma in nine cases, osteochondrosarcoma in two 
cases, osteochondromyxosarcoma in two cases, sarcoma in one case, fibrochondrosarcoma 
in one case, and fibromyxochondrosarcoraa in two cases. 

Twelve of these seventeen patients have died. The period of survival after operation 
at the Clinic varied from one and one-half to sixty months; the average period was 
13.6 months. The duration of life from the onset of symptoms varied from five to ninety- 
six months; the average duration was 28.4 months. 

Five of the seventeen patients were living when information about them was last 
obtained. One patient, who had had symptoms for five years before operation, wrote that 
he was in “perfect health” 6.25 years after removal of a chondrosarcoma. Grade 1. An- 
other patient, who had had symptoms for two years before operation, was feeling well 
when seen again at the Clinic, five years and three months after the removal of a chon- 
drosarcoma, Grade 1. A third patient had had s 3 ’-mptoms for three jmars, and biopsy' 
revealed a chondrosarcoma, Grade 2. This patient was living, but unable to walk, four 
j^ears later. A fourth patient, after having had sj’^mptoms for five jmars, underwent an 
interinnomino-abdominal (hindquarter) amputation for chondrosarcoma. Grade 1. Seven 
months later he reported that he had gained twenty-five pounds. One patient, who had 
had sj'inptoms for eight jmars prior to the removal of a chondrosarcoma, Grade 2, reported 
that he was in “excellent health” eighteen months later. 

SUMMARY AXD COMMEXT 

This study is based on forty cases of osteochondroma observed at the Majm Clinic 
from 1910 to 1943, inclusive. In each case, the diagnosis was verified bj' microscopic 
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examination. A total of sixty-nine operations were performed on these patients. Nine of 
the patients are known to have died, and eiglit arc known to have had one or more recur- 
rences. In two cases, not all of the tumor was removed at the time of operation. In fifteen 
cases, there was no evidence of recurrence when tlie last follow-up data were oljtaincd. 
No follow-up data were obtained in six cases. 

In four of the forty patients, definite malignant changes were later found in the 
lesions. In sixteen patients (not included among the forty), microscopic examination re- 
vealed that the lesions were malignant at the time the ])aticnts were first operated upon 
at the Clinic. 

From the foregoing review, the complexity of this problem is obvious. Chondromata 
of the pelvis must alwa3'^s be considered as serious surgical lesions. This is particular!}’’ 
true of those that are not well pedunculated, and of tliosc in the more remote and inacces- 
sible parts of the pelvis. When the tumor is purely cartilaginous in nature, the diagnosis .. 
may be extremely diffieult. We have seen at least two cases in which the symptoms were 
referable to the hip, and, in spite of biopsies with negative findings, tlie syjnptoms con- 
tinued and ultimately a chondroma was revealed. If tlie tumor is on the inner side of the 
innominate bone, particularly if it is within the true pelvis, its complete local removal is 
often difficult or impossible. 

The idea is prevalent that these tumors may go from a benign to a malignant status, 
and in many cases this would seem to be true. However, in some of the cases described 
this change has not taken place, in spite of several recurrences and operations. In other 
instances, the presence of both benign and malignant regions in the same tumor may ex- 
plain the apparent discrepancy. 

The importance of complete surgical removal is c’\'ident to any one who has seen one 
or two of these patients in the late stage, when the tumor has i-eached a huge size, with 
a great deal of pain and discomfort, and there is little to offer in the way of relief. In 
those instances in Avhich such removal cannot be accomplished by local excision, intcr- 
innomino-abdominal (hindquarter) amputations may be indicated. 

1. Meykroing, H. W.: Exostosis. Radiology, 8: 282-288, 1927. 
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LATE RUPTURE OF EXTENSOR POLLICIS LONGUS TENDON 
FOLLOWING COLLES’S FRACTURE 

BY FHEDKRICK M. SMITH, M.D., XEW YORK, X. Y. 


From titc Fracture Service oj the Prerhyterian Hospital, and the Department oj Surgery, 

College oj Physicians and Surgcoihs, Columbia University, Xew York City 

Spontaneous rupture of the tendon of the extensor pollicis longus muscle is always 
rare, but when such a rupture occurs late, following a Colles’s fracture, it is even more 
unusual. In 1936 the writer saw a patient with a Colles's fracture, in whom a spontaneous 
rupture of the extensor pollicis longus tendon subsequently developed. Since that time he 
has seen four similar eases on the Fraeture Service of the Presbj'terian Hospital, New York 
City, and subsequently has operated upon all of these patients. In view of the raritj* of 
this complication, and the disability tliat ensues unless the tendon is operated upon, these 
five cases arc reported in some detail, as to incidence of occurrence, etiologj', types of 
operative repair, and the end results. A brief survey of the literature on the subject is 
also included. 


C.\SE REPORTS 

C.\SE 1. K. H., a housewife, .aged sixty-five, was first seen on May 11, 1936, eleven daj'S after she had 
sustained a Colles’s fracture of the left wrist. The fracture had already been reduced and splinted 
Roentgenographic ex.amination revealed good reduction, with mild dorsal comminution of the lower end 
of the radius (Fig. 1). On the twenty-sixth d,iy after injurj-, the patient complained of pain in the dor- 
sum of the wrist, following an injurj' on a bus the previous day when her purse jerked on this thumb. 
She was unable to extend her thumb. Examination disclosed no alteration in the alignment of the 
bones, but there was complete lack of power of extension in the distal phalanx of the thumb. Exten- 
sion of the other fingers was normal. There w.as no loss of sensation in the radial-nerve distribution. 

At operation on June 4, the extensor pollicis longus tendon was found to be ruptured. The distal 
end of the tendon was sutured to the tendon of the extensor carpi radialis longus. The thumb was im- 
mobilized in extension for two weeks, and then active exercises were begun. .A.fter three weeks the thumb 
no longer drooped, and the patient could actively extend the distal phalanx. AVhen last seen, five 
months after operation, she had full u=e of the thumb and hand. Abduction of the thumb was com- 
plete; extension was twenty-five per cent, of normal, and flexion was complete without pain. In spite 
of the lack of full extension of the thumb, the patient was able to get it awaj' from the side of her hand, 
which she could not do prior to operation. She had no power to elevate the thumb dorsally to the level 
of the remaining metacarpals. 

C.ASE 2. I. M., a thirty-year-old cook, was first seen on Januar 5 - 19, 1938, one da 3 ' after she sus- 
tained a Colles’s fracture of the left wrist. Roentgenographic examination showed a fracture, with im- 
paction and dorsal angulation (Fig. 2). The fracture was reduced and immobilized in a sugar-tong 
molded splint for five weeks, followed b 3 ' hot soaks and frequent active exercises. One week later the 



Fig. 1 

Case 1. Lateral roentgenogram of left wrist after reduction of fracture. 
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Fifi. 2 

Case 2. Lateral rocnlgenogram of left wrist, showing fracture, with impaction and dorsal 
angulation. 


patient noted weakness in her thumb and inability to extend it, but she did not leturn to the Fracture 
Clinic for another seven weeks. Examination showed that the patient was unable to extend the flistal 
phalanx of the thumb, although abduction and extention of the i)roximnl iihalanx were po^-'ible. The 
entire thumb drooped, and she could not raise it toward the dor.sum of the hand. 

At operation on April 25 (seven weeks after rupture), the distal end of the luiiturod exten.'-or pol- 
licis longus tendon was sutured to the tendon of the exten.sor pollicis brevis. The thumb was immobilized 
in extension for three weeks, and then hot soaks, active exerci.ses, and massage were .started. Seven weeks 
after operation, ability to flex and extend the distal phalanx actively was good. Seventeen months after 
operation these motions were still good, although extension was slightly weak. The patient was able to 
carry on full work as a cook, and noted only slight difficulty in lifting heavy pots. She was not able to 
elevate the entire thumb dorsally to the level of the other metacarpals quite as well as on the right hand. 

Case 3. M. W., a housewife, aged fortj'-si.x, was first seen on February 16, 1939, nineteen days 
after sustaining a fracture of the right wrist. She had received no treatment other than hot soaks. 
Roentgenographic examination revealed a mild deformitj', typical of a Colles’s fracture (Fig. 3). No 
reduction was performed, but the patient was advised to continue with soaks and to start frequent ac- 
tive exercises and mild use. On the following day, while exercising, she felt a “snaj)” in the wiist, fol- 
lowed by pain and inabilit}'^ to extend the thumb. Examination showed that the right thumb droo])ed; 
she was unable to extend the tip against resistance and could not elevate the thumb toward the dor- 
sum of the hand. A loose nubbin was felt on the idnar side of the antomical “snuffbox”, which was 
thought to be the end of the ruptuied extensor pollicis longus tendon. Radial-nerve sensation was 
normal. 

At operation, the da}' after lupture, the distal end of tlie extensor pollicis longus tendon was su- 



Fig. 3 

Case 3. Lateral roentgenogram of right wrist, showing mild deformity. 
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turcil to tlie cxtcn^ol• iiollici-; brevis and the abductor pollicis longus tendons. After immobilization in 
a molded plaster splint for twenty-three days, active exercises and soaks were given. Four weeks after 
operation the patient stistained a fracture of the radial styloid in the same wrist, but the tendon re- 
]iair w.as not harmed. Two months after operation she could touch the middle of her fifth finger with 
the thumb, but extension of the thumb was not good. At thirteen months she had complete use of the 
wrist and thumb. When last seen, almost six year.s after operation, extension of the distal phalanx was 
full and -strong. Dorsal elevation of the thumb was fift.v per cent, of normal. The patient does house- 
wmk with no handicap cxccirt difficulty in picking up pins and other small objects. 

C.^SK. 4. M. M., a waitre.ss, twenty-one years of ago, was first seen on May 26, 1939, two months 
after .su-taining a Collcs’s fracture of the left wrist. Deformity was so mild that she had not previously 
sought treatment. One month after the injury, she noticed inabilitj- to raise or straighten her left 
thumb, and there was slight pain at the base of the thumb. Examination revealed that the left thumb 
drooped, and the patient was unable to extend cither the thumb as a whole, or the distal phalanx, 
against resistance, or to elevate the thumb toward the dorsum of the hand. Roentgenographic exami- 
nation showed a healed Collcs's fracture with minimal deformity (Fig. 4-A). The lower end of the ex- 
tensor pollicis longus tendon could be felt and moved around beneath the skin b\' the examiner’s finger. 

At operation on June IS, the distal end of the ruptured extensor pollicis longus tendon was su- 
tured to the extensor carpi radialis longus and the extensor pollicis brevis tendons. The thumb was 
immobilized for four weeks in a molded splint, but, beginning eight days after operation, this was re- 
moved three times daily for soaks and exercises. At seven weeks the patient had excellent active flexion 
and extension of the distal phalanx, and could abduct, extend, and elevate the thumb well. She returned 
to work at this time. Five and one-half years after operation, the patient’s only complaint was slight 
pain in the region of the repaired tendon after protracted use. Active extension of the distal phalanx 
was full and powerful. She could elevate the thumb dorsally almost as well as its fellow, and could 


Fig. 4-A 

Case 4. Lateral roentgenogram of left wrist, showing healed fracture. 




Fig. 4-B Fig. 4-C 

Both hands, five and one-half j'ears after operation. !Xote full extension and dorsal elevation 
of left thumb, as compared with normal side. 
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touch the base of the fourth finger with it. Picking up pins cairsccl sliglit difficulty. TJie jjatient now 
runs a sewing machine in a factory, witli only slight handicaj) (Figs. 4-B and 4-C). 

Case 5. I. M., a factory worker, aged fifty-five, was first seen on July 10, 1943, one hour after .she 
sustained a Colles’s fracture of the left wrist. Roenlgcnographic e.xamination revealed slight dorsal tilt, 
displacement, and radial deviation of the distal radial fragment (Fig. 5-A). The fracture was reduced, 
and immobilized in a sugar-tong plaster splint for (wenl 3 '-six days. At thi.s time, while exorcising her 



Fig. 5-A 

Case 5. Lateral roentgenogram of loft wrist immedialcl.v after fracture. 



Fig. 5-B 

Both hands in pronation prior to operation. 
Note visible absence of extensor pollicis longus 
tendon in left wrist. 



Fig. 5-C 

Both hands in mid-rotation prior to oper- 
ation. Note drooping of left thumb and ill- 
defined snuffbox. 



Fig. 5-D Fig. 5-E 

Both hands, thirteen months after operation. E.xtension of distal phalanx of thumb is complete, 
but power of dorsal elevation of entire thumb has been onlj’’ partiallj" corrected. 
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wrist and fingers, the iiatient fell a “snap” in her thumb and was unable to extend it thereafter. Ex- 
amination three days later .showed complete loss of action of the extensor pollicis longus tendon, with 
in.ability to extend the tip of the thumb or to elevate it dor.<ally (Figs. 5-B and 5-C). 

At operation, seventeen days after rupture, the distal end of the ruptured extensor pollicis longus 
tendon wa'^ .-ulured to the extensor pollicis brevis and the extensor carpi radialis longus tendons. The 
thumb was thou immobilized in full extension for twenty-two days; this was followed by soaks and 
exercises, and. at the end of four weeks, by light use. The jiatient could touch all finger tips with the 
thumb at the end of five weeks, and could elevate the thumb nearly to the level of the other metacar- 
jials. She returned to work at the end of two months. Thirteen months after operation, extension of the 
distal phalanx of the thumb was complete, and ability to elevate the thumb dorsally was about fifty 
per cent, of normal, .\hduction and adduction of the thumb were normal. The patient was cariying 
on her rcgidar work in a factory (Figs. 5-D and 5-E). 

review of THE LITERATURE 

AIcMaster, in 1932, reported a case of late rupture of the extensor pollicis longus 
tendon following Collcs’s fracture, and was able to find onlj' twenty-seven similar cases 
mentioned in the literature. He also discussed a case of late rupture of the flexor pollicis 
longus tendon after Collcs’s fracture, which was the only case of its kind reported. This 
excellent article gives a very good historical review of the subject and a very complete 
bibliogi'aphy. Lapeyre collected fifty-one cases of rupture of the extensor pollicis longus 
tendon in the literature, thirty-nine of which had followed fracture of the lower extremity 
of the radius (probably Colles’s fracture) . Kwedar and Mitchell found seventy cases in 
the literature, and added one case of their own which followed Colles’s fracture. The first 
case was reported by Duplay in 1876. In the German literature are found a gi-eat many 
reports of spontaneous rupture of the extensor pollicis longus tendon, not preceded by 
fracture of the lower radius, which occurred in drummer boys in the army. This condition 
at first was known as “Troinmlerldhmung" , or drummer’s palsy; it remained for Diims to 
show that it was not a palsy, but a spontaneous rupture of the extensor pollicis longus 
tendon due to chronic tenosynovitis, caused by this particular occupational trauma. So- 
.called drummer’s palsy is probably the commonest cause of rupture of this tendon, if 
industrial accidents, such as lacerations, are excluded. 

ETIOLOGY 

The etiologj' of rupture has not been definitely established, but it probably follows 
rather late after acute or chronically repeated trauma. The trauma causing the fracture 
could, by producing a spicule of bone, bring about partial laceration of the extensor 
pollicis longus tendon in its groove on the dorsum of the radius. A certain amount of bony 
comminution is frequent on the dorsal aspect in Colles’s fracture, and a sharp fragment 
might easily cause chronic trauma and attrition as the tendon rubs back and forth over it. 
Forceful reduction of the fracture could conceivably be another cause of trauma to this 
tendon, but numerous cases of rupture have been reported where the fracture was mini- 
mally displaced or unrecognized, and no reduction had been done (Table I) . Interference 
with the blood supply of the tendon (via the mesotendon) has been considered by many 
as the chief cause of late rupture. At the time of fracture, or shortlj’’ thereafter, the 
mesotendon is lacerated and its vessels may become thrombosed. The tendon at this site 
undergoes aseptic necrosis which causes softening, swelling, and gi’adual loss of strength, 
until such time as a slight sudden strain causes it to rupture. McMaster has shown 
experimentally that a normal tendon does not rupture under severe strain, unless it has 
been lacerated halfway through its substance. He also showed that late ruptures could be 
brought about by strain at the site where the blood supply to the tendon itself had previ- 
ously been shut off by ligation of the tendon at two points, one centimeter apart. Diseased 
tendons frequently undergo spontaneous rupture, due to tuberculous tenosynovitis, gonor- 
rheal tenovaginitis, or chronic non-specific tenosynovitis, as in “diummer’s palsy”. It is 
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TABLE I 

RuPTunn op Extoxpor Pooucis Lonous Ti;xi)ox 


Case 

No. 

1 

Dorsal 

Comminution at 
Fracture Site 

1 

Fracture 

Reduction 

1 

Occurrence of Ru])ture in 

Relation to Use of Splint 

During After No Splints 

U.^-'o Discai'd LVed 

1 

1 

Slight 

Done 

X 1 

2 

Moderate 

Done 

1 X 

3 

Absent 

Not Done 

1 j X 

4 

Absent 

Not Done 

! X 

5 

Slight 

Done 

X ‘ ! 
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the writer’s belief that, in rupture following Colles’s fracture, the cause is an aseptic 
necrosis, due to interference with the blood supply of the tendon at the distal end of its 
groove on the radius. The operative and pathological findings in the five cases presented 
here would seem to bear out this assumption. 

SYMPTOMS 

There are no symptoms prior to rupture which would lead the surgeon to suspect a 
degenerative process in the tendon. Even when the tendon ruptures, not all patients give 
a history of pain. A few describe a single sharp pain, but most describe what they call a 
sensation of “something giving way”, or a “snap” on the back of the wrist, followed by 
inability on their part to straighten or to lift the thumb actively, as compared with the 
normal thumb. They may also note difficulty in picking up small objects, such as pins. 
No subjective sensory changes are noted. 

PHYSICAL SIGNS AND DIAGNOSIS 

Physical examination reveals, first, a thumb that droops in its entirety, and, second, 
partial flexion of the distal phalanx. There is a normal droop to every thumb when the 
hand is examined in repose. With an intact extensor pollicis longus tendon, however, the 
patient can actively elevate the thumb to the same level as the other metacarpals or even 
higher; with a ruptured tendon this is impossible. It is also impossible for him to extend 
the distal phalanx actively against resistance, although this can be done passively. There- 
fore, one can easily understand how the early German writers considered the condition 
occurring in drummers to be a palsy. The inability of the patient to extend the distal 
phalanx of the thumb, in the presence of a ruptured tendon, has been noted by all writers 
on the subject, but few have described the tendency of the thumb as a whole to droop. 
When the normal hand is opened fully, and an attempt is made to spread the thumb and 
all fingers widely apart, the taut tendon of the extensor pollicis longus can very rcadil}" be 
visualized and palpated as the ulnar border of the anatomical snuffbox. With a ruptured 
tendon, this boundary is characteristically absent. Occasionally the swollen, degenerated 
end of the distal portion of the ruptured tendon can be felt beneath the skin and sub- 
cutaneous tissue as a small bump, often described as a nubbin. There is no loss of skin 
sensation over the superficial radial-nerve distribution. A paralysis or palsy of the pos- 
terior interosseous (deep radial) nerve would, of course, make it impossible for the patient 
to extend the second to the fifth fingers, inclusive, at the metacarpophalangeal joints, and 
would also affect extension of the thumb. Therefore, the diagnosis should not be difficult, 
if one keeps in mind that late rupture of the extensor pollicis longus tendon may occur 
many weeks after Colles’s fracture. 
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SITE or RUPTURE 

The site of rupture in tlie extensor pollicis longus tendon is usually at the level of 
Lister's tubercle, on 'the dorsum of the lower extremity of the radius. The distal portion 
of the ruptured tendon is usually drawn downward, and may even be doubled back on 
itself. It is completely relaxed, and therefore does not stand out prominent^ as the ulnar 
border of the anatomical snuffbox. The tendon end is frequently adherent to its sheath and 
to the surrounding structures, and may be encircled by new vascular connective tissue, 
depending somewhat upon the duration of the rupture prior to operative exploration. The 
proximal portion of the ruptured tendon usually retracts upward, so that its end is either 
at the upper edge of the dorsal radiocarpal ligament, or even more proximal to this. As 
much as five centimeters sometimes separate the two tendon ends. This proximal end is 
also bound down with adhesions, and the groove on the dorsum of the radius, through 
^'which it passes, becomes obliterated. The end of the distal tendon stump is usually some- 
what swollen, bulbous, yellower than normal, and lacks the luster of a normal tendon. 
Sometimes this end may be ecchymosed and actually softer than the normal tendon. 
^Microscopic examination of the excised degenerated end of these tendons shows hyaline 
degeneration of the tendon fibers; and there is often infiltration with ljunphocytes, fibro- 
blasts, and, occasionally, granulation tissue. One specimen, when stained with Scharlach 
B, showed the presence of fat between the tendon fibers. 

LATENT PERIOD OF RUPTURE 

The average period between fracture and the rupture of the extensor pollicis longus 
tendon is said by Kwedar and Mitchell to be six weeks ; McMaster states that it usually 
occurs between the third week and the third month. In the five cases reported in this 
article, the earliest rupture occurred twenty days, and the latest six weeks, after fracture; 
the average latent period for the five cases was twenty-nine da^'s. 

INCIDENCE OF RUPTURE 

The ratio of rupture of the tendon after fracture to the total number of Codes 's frac- 
tures is said by Pdrsch, Oppolzer, and Horwitz to be 1 to 270. On the Fracture Service of 
the Presbyterian Hospital, 1,341 Colles’s fractures were treated between 1929 and 1943, 
inclusive. In five of these cases, there was subsequent rupture of the extensor pollicis longus 
tendon, giving a ratio of 1 to 268. The majority of ruptures have occurred in the left wrist. 
Kwedar and Mitchell, in reviewing the literature, found the complication more frequent 
in females (sixty per cent.) . All five patients whose histories are reported in this article 
were females. The tendon rupture may be seen at practically any age, but is more common 
after thirty years. The youngest patient was reported by Liilsdorf, and was a girl of four- 
teen years. 

In two of the five cases reported here (Case 3 and Case 4) , the patients sought treat- 
ment late, that is, nineteen days and two months, respectively, after their falls. Neither 
patient suspected she had a fracture before coming to the Clinic. Since in neither case had 
- the fracture been reduced or the wrist splinted, it is impossible to consider rough manipula- 
tion or faulty splints as a predisposing cause of the tendon rupture. In Case 3 the tendon 
ruptured almost under our own eyes, the day after the patient’s first visit to the Clinic, 
vrhile she was carrying out finger and thumb exercises. 

FUNCTION 

The extensor pollicis longus tendon has a dual function. This is poorly understood 
or completely ignored by the textbooks of anatomy. Thej’- point out that this tendon inserts 
I on the dorsum of the base of the distal phalanx of the thumb, and that its action is to 
extend the distal phalanx upon the proximal phalanx at the interphalangeal joint. This 
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A: Normal relations of tendons at dorsum of wrist and tluimb. 

B: Relation of tendons after rupture of extensor pollicis longus tendon. 

C: Hook-up of extensor pollicis longus tendon to restore oldiquity of its ijuII, as sugge.stcd by tlie 
author. 


is only half of this tendon’s function, and, in the writer’s opinion, the less important half. 
In describing the deformity of the thumb with a ruptured e.xtcnsor pollicis longus tendon, , 
it was stated that the thumb drooped as a whole. This drooping of the thumb is due en- 
tirely to the loss of the oblique pull of the tendon. Neither the extensor pollicis brevis 
tendon nor the abductor pollicis longus tendon, nor both together, can overcome this droop 
when the extensor pollicis longus is ruptured. Any operative procedure designed to restore 
full function must therefore restore the obliquity of its pull (Fig. 6). If this very impor- 
tant half of its function is not restored, the patient will be able only to extend the distal 
phalanx but not to lift the thumb, and consequently will be handicapped in many activities. 


OPERATIVE REPAIR 

The ideal method of repair would be by resuture of the ruptured tendon ends directly, 
or by implantation of a free tendon graft between the ends. This would restore the normal 
continuity of the ruptured tendon, and replace it in its normal position. Flowever ideal 
this would seem mechanically, it requires much freeing of adhesions; the resultant bleed- 
ing would give rise to more and denser adhesions during postoperative immobilization, 
which would “freeze” the tendon and make it non-functioning. In Case 1, although restora- 
tion of the obliquity of the pull of the extensor pollicis longus was accomplished by sutur- 
ing the distal stump to the tendon of the extensor carpi radialis longus, the writer now 
considers this a mistake, because of the short excursion of the latter tendon due to the 
proximity to its insertion. If tlie distal end of the extensor pollicis longus is sutured to 
the extensor pollicis brevis, to the abductor pollicis longus, or to both, only active extension 
of the distal phalanx of the thumb will be restored, as mentioned heretofore. At the present 
time, following experiences with the first three cases, the writer feels that the most satis- 
factory hook-up to restore both functions is to suture the distal end of the extensor pollicis 
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TABLE II 

Ufi’mu of Rn’Triihn ENThN-^ou Poi.uci'i Lonous Thnoon 


Cn-c 1 

Xo. 

i 

! 

j Tendon- to wliich Di-tal E\tcn=or PoIIich 

j Lonpu- Tendon Wat Sutiii cd 

Restoration of 
Function of 
Thumb 

1 

E\tcn-or c.irpi i.idiali- lonpi- 


2 

Exten-oi polhci- I)io\ I- 

+++ 

3 

Exten-or pollici- bic\i- and ahdnetoi pollici- longn- 

j J !_ 

4 

Exton-oi eariii radiali- lonpii- and cxtcn-oi poIlKi- liioiis 

J — L J — ^ 

5 

IXton-oi ])ollu'i- and o\ton-or caipi ladiali- longii« 1 

1 

++ 


longiis to the extensor carpi radialis longus by an end-to-side suture; following this, the 
tendon of the extensor poUicis brevis is drawn over to it and sutured additionally bj' a 
side-to-side suture. No. C silk is sufficiently large and strong, if three or four mattress-type 
sutures are used at each junction (Fig. 6). The thumb should be held in full extension and 
elevated dorsally while its long extensor tendon is being sutured to the extensor carpi 
radialis longus. This first hook-up gives the lift to the thumb, and the extensor pollicis 
brevis adds extension to the distal phalanx. Table II summarizes the method of repair 
in the five cases, and the results of the dorsal lift secured. 

The writer has not used the method of repair described by Biesalski and Alayer. in 
which the tendon of the extensor indicis proprius, or half of it, is transplanted and sutured 
to the distal stump of the extensor pollicis longus. This method seems logical, but would 
appear to have the drawback of lack of obliquity of its groove in the dorsum of the radius. 
By making this tendon take over the oblique pull of the extensor pollicis longus, a teno- 
synovitis might conceivably result as it is pulled around a sharp corner. However, no one 
person has used enough of these various methods to be in a position to lay down positive 
rules as to the proper method of repair. The advantage of the method advocated by the 
writer is simplicity of technique without extensive additional dissection, and without the 
possibility of weakening the extension of the index finger. 

It is important, when exploring and repairing the tendon, to isolate and protect the 
superficial branch of the radial nerve, since damage to this nerve may lead to distressing 
numbness of the dorsum of the thumb. 

POSTOPERATI\'E C.ARE 

Following operative closure, the hand, wrist, and forearm should be immobilized in a 
volar molded plaster splint in slight cock-up position, with the thumb fullj^ extended and 
elevated. The patient may leave the hospital on the third or fourth postoperative day. 
Skin sutures are removed after one week. The splint may be removed at the end of ten 
days, and the patient is encouraged to begin moving the thumb verj' gently in flexion and 
extension. He should then be advised to remove the splint three or four times daily for 
exercises and for hot soaks. Usually at the end of three weeks, or at most four weeks, it 
is possible to discard the splint completely. The exercises are then increased, and the 
patient is encouraged to begin mild active use of the thumb. By this method, the thumb 
is protected from sudden violent motions during the period of healing of the repaired 
tendon; yet, if gentle motion is started earlj', it should prevent the formation of dense 
adhesions which might later “freeze” the tendon motion. 

FOLLOW-UP RESULTS 

Unless operative repair of the ruptured extensor pollicis longus tendon is carried out, 
there can be no expectation of improvement in function of the thumb. It is gratifying to 
note that in all of the reported cases, after repair of the tendon, the patients showed im- 
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provcmcnt both in function aiul in use. The best follow-up results from a functional 
standpoint were found in those cases in which, in addition to restoration of the active 
extension of the distal jihalanx. an attcinjit was made to restore the obliquit}" of pull of this 
tendon and thereby improve the iiatient’s abilitj' to elevate the thumb. All of the patients 
mentioned in this pajier have been able to return to their previous occupations following 
operative repair of the tendon, with very little subjective handicap (Table III). 

COXCLUSIOXS 

1. Late spontaneous rupture of the extensor pollicis longus tendon following Colles's 
fracture is a rare complieation. and one that is not often recognized. This paper adds five 
cases to those previously reported in the literature. 

^ 2. The rupture is. in all probability, clue to aseptic necrosis of the tendon, following 

injury to its blood sujiply. 

3. Tlic history and physical signs are very characteristic. 

4. Return of function without operation cannot be expected. With operation, a good 
to excellent return of function may be expected. 

5. Stiess has liecn laid upon the dual function of the oblique pull of the extensor 
pollicis longus tendon, and a method of repair has been suggested to accomplish this func- 
tional restoration. 
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ORTHOROENTGENOGRAPHY AS A AIETHOD OF AIEASURING THE 
BONES OF THE LOA¥ER EXTREMITIES 


BY WILLIAM T. GREEN", M.D., BOSTON, MASSACHUSETTS, 

CAPTAIN GEORGE M. WYATT, Medical Corpse, Army of the United States, 

AND MARGARET ANDERSON, M.S., BOSTON, MASSACHUSETTS 

Frmn the Harvard Infantile Paralysis Commission and The Children's Hospital, Poston 

Accurate measurement of the length of the lower extremities is often indicated. For 
manj'’ purposes clinical measurements suffice, but they are admittedly grossly inaccurate. 
The usual method of teleoroentgcnography, although allowing more accurate records of 
comparative lengths, produces an increasing degree of magnification and distortion as the 
extremities grow (Fig. 1-A). 

In a study of growth by the Harvard Infantile Paralysis Commission, it was found 
necessary to develop a method of measuring the lower extremities which would meet the 
following requirements : 

1. Aleasurement of the bones should be sufficicntlj' accurate to record the compara- 
tive true lengths at any one examination. 

2. The precision of measurement should remain constant for varying lionc lengths, 
in order to compute accurately the true increments of growth. 

3. Sufficient detail should be delineated to allow the detection of abnormalities in the 
bones and visualization of the epiphyseal lines. 

The method to be described has been designated “orthoroentgenography”. It has met 
these requirements while in use oi'er a period of four years, during wliich time over 2,200 
recordings have been made. 


METHOD 

The method emploj^s three separate exposures for the lower extremity (Fig. 1-B). 
The central ray is directed successi^'ely over each of the three joints, and the three ex- 
posures are processed on a continuous film,^^ fourteen inches in width and of any desired 
length up to forty-four inches. The technical factors maj" be A'ai'ied between exposures, 
according to the thickness of the soft tissue OA’er each part. A target-to-film distance of 
six feet is always used. 

A tunnel for a long cassette (fourteen inches by foi’ty-four inches) has been devised, 
into which have been incorporated two sliding metal shields (Fig. 2) . Such a device allows 
an exposure to be made over any one third of the film, while the other two thirds are pro- 
tected from exposure. 

The patient is placed on the cassette holder in the supine position, with the hips level 
and the extremities parallel; straps are fastened over the lower thighs and over the ankles 
to hold the limbs in the proper position (Fig. 3) . 

Three exposures are made in sequence. In the first, the tube is centered over the hip 
joint with both shields in the distal position; in the second, the tube is over the knee joint 
with one shield in the proximal position and the other in the distal position; in the final 
exposure the tube is centered OA'-er the ankle joint, with both shields in the proximal 
position. 

The centering of the tube in each exposure is checked by a long metal marker, placed 
horizontally at right angles to the side of the cassette. One end, pointing at the level of 
the joint to be exposed, extends oA^er the cassette far enough to cast a shadoAV on the 
film; the other end indicates the position of the tube stand for the exposure. In this Avay,^ 

* The film is pui’chased in rolls seven ty-fiA'e feet long and stored in metal containers. Just 'before 
exposure, the film is cut to the length required for each orthoroentgenogram. The cost for each indi- ■ 
vidual averages $2.10, if a roll of film is piircha.sed and onl 3 " the neccssar 3 ' length of film is used. 

fin 
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tlio exact level of focus is pcrmiinently recorded on ihc finished orlhorocntgenograi 
(Fig. i-B). The distance of six feet from tube to film decreases any slight inaccurac; 
occasioned by imperfect centering. 

In telcoroentgcnography the divergence of the rays b’om the tube pi'oduccs consider 
able magnification, even when a distance of six feet from tube to film is used. The ainoun 
of magnification is variable, depending upon the length of the bone, (he distance of th 
bone from the film, and the centering of the tube (Table I). Although tclcorocntgcnograin 
do not give the true lengths of bones, they do allow fairly accurate estimates of the rcla 
tive lengths of the two extremities at a single examination. If they arc used for serin 
measurements of growth, however, a variable distoiiion arises which makes them un 
satisfactory, since the magnification becomes greatcj' with the growth of tlic individuai 
This increased distortion is produced both l)y the inci’oase in the bone-to-film distance 
resulting from the thickening of the posterior structures, and by the inci'casccl length o 
the hones themselves, which places the hone ends nearer the periphery of the divergin'i 
roentgenographic beam. 



Fjo. 3 

Patient in position for ortlioroentgcnogram, Tlie e.\tromilies arc steadied by restraining straps, 
and the cassette is being slid into the tunnel. 


In part, the error of magnification in tcleoroentgcnographic mensuration can be cor- 
rected mathematically by triangnlation. Difficulties in computation arise from the fact 
that the two ends of a given bone vary iti height from the film. Furthermore, the com- 
putations are time-consuming and the results are inaccurate, since the distances of the 
bones from the film can only be estimated. 

The accuracy of the measurements of teleorocntgenograms might be improved by the 
use of a radiopaque ruler, placed parallel to the bones and at an equal distance from the 
film, following the principle used in the Thoms method of roentgen pelvimetiy. In prac- 
tice, however, it was found impossible to place the ruler precisely enougli to warrant its 
use. Teleoroentgenography, or one of its modifications, was considered not sufficiently 
accurate for our purposes. 

Merrill described a method which allows more accurate measurement than does teleo- 
roentgenography. He used three exposures on separate films, and measurements were 
made from a superimposed numbered metallic scale. This method does not allow Ausuali- 
zation of the full length of the bones, no technique of checking the accuracy of focus was 
provided, and the focal distance used was only forty-two inches. 

Consideration was given to the use of some adaptation of the slit scanogram.^ It 
was decided, however, that an exposure of the necessary length and intensity would be 
unduly wearing on the roentgenographic tube, and the available equipment precluded 
any experimentation along these lines. Oill and Abbott have since described a modifica- 
tion of the slit-scanographic technique in the measurement of the bones of the lower 
extremities. They obtained films of good quality which recorded the exact length of tlm- 
bones. 
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TABLE 1 

CoMi’Anm\T MiMsniLMr.NTs or thk Lownu Extremitiks ix Twenty Cases by ORTnoROENTCExoGRAPHY 

AND BY TEI.EOnOEXTOCNOGlnrin* 

VariRtions in tlip McaMircd Length of Bones as Obtained from Ortlioroentgenograms with Those Ob- 
tained from Long Teleoroentgenograms (One Exiiosurc of the Whole Lower Extremity on a Single Film) 
and from Short Telcoroentgenogi-ani< (Separate Films for the Femora and Tibiae) 






TIBIAE 


Ortho. 

Long 

Differ- 

Tcloo. 


Long 

Differ- 

Teleo. 

Tcloo. 

cncG 

Ortho. 

Ortho. 

Teleo. 

ence 

Ortho. 

(Cm.) 

(Cm.) 

(Cm.) 

(Cm.) 

(Cm.) 

(Cm.) 

30.0 

31.1 

1.1 

1.037 

20.4 

210 

0.6 

1.029 

32.4 

33.6 

12 

1.037 

22.7 

23.4 

0.7 

1.031 

34.2 

35 A 

1.3 

1.038 

24.0 

21.7 

0.7 

1.029 

36.7 

382 


1.041 

26.6 

27.3 

0.7 

1.026 

3S.4 

39.7 

1.3 

1.031 

28.2 

29.0 

05 

1.02S 

40.0 

41.5 

1^5 

1.038 

30.5 

31.4 

0.9 

1.030 

‘122 

435 

1.6 

1.038 

32.3 

335 

0.9 

1.028 

44.7 

46.6 

1.9 

1.042 

34.9 

35.9 

1.0 

1.029 

46.5 

49.3 

25 

1 000 

35.6 

36.7 

1.1 

1.031 

45o * 

492* 

3.7 

1.081 

37.0* 

38.5* 

1.5 

1.040 


Short 

Differ- 

Telco. 


Short 

Differ- 

Teleo. 

Ortho. 

Telco. 

cncc 

Oitho. 

Ortho. 

Teleo. 

ence 

Ortho. 

(Cm.) 

(Cm.) 

(Cm.) 

(Cm.) 

(Cm.) 

(Cm.) 

29.4 

30.4 

1.0 

1.034 

20.9 

21.7 

0.8 

1.038 

32.9 

345 

1.4 

1.042 

23.4 

24.3 

0.9 

1.038 

34.0 

355 


1.044 

25.0 

26.0 

1.0 

1.040 

36.8 

38.4 

1.0 

1.043 

27.5 

28.6 

1.1 

1.040 

38.3 

402 

1.9 

1.050 

28.7 

29.9 

15 

1.042 

40.3 

422 

1.9 

1.047 

30.0 

31.4 

1.4 

1.047 

422 

445 

2.1 

1.050 

33.0 

345 

15 

1.045 

43.9 

462 

2.3 

1.052 

34.4 

35.9 

15 

1.044 

46.7 

495 

2.6 

1.056 

37.7 

395 

1.6 

1.042 

45o * 

482* 

2.7 

1.059 

37.0* 

38.6* 

1.6 

1.043 


* Measurements are from roentgenograms of skeletons. Focus on long teleoroentgenogram of 
skeleton was at the knee; compare magnification with other long teleoroentgenograms, where focus was 
over the femur. 


orthoroextgexograms 

Ortlioroentgenograms give a permanent, verifiable record of the lengths of the bones 
of the lower extremities. Because only perpendicular rays are directed at the ends of the 
long bones, magnification of length is eliminated, and visualization of each undistorted 
epiphyseal line is possible. The accuracy obtained with this method is such that incre- 
ments of length can be reliably measured in growing children over an interval as short as 
three months. 

The tme length of each bone can be measured directly from orthoroentgenogi-ams 
without computation; there is no significant magnification of length due to the divergence 
of the rays, because the focal spot is placed exactly over each joint. f Special high-speed 
roentgenographic equipment is not necessary for these films ; the strain on the tube is no 
greater than it would be in filming separately a hip, a knee, and an ankle. 

Comparison of the lengths of bones, using ortlioroentgenograms and teleoroentgeno- 

t Although orthoroentgenograms record the exact distance from one end of the bone to the other, 
slight shortening would occur if the bone were not parallel to the film. In the femur, for example, a 
minimal amount of shortening must occur, due to the oblique position of the bone. This could be cor- 

( ected by elevating the knee and ankle to the same level as the head of the femur. The error involved 
3, however, so slight that such a procedure was thought undesirable, as it would be overbalanced by the 
OSS of bone detail due to the increased distance of the object from the film. 
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Fig. 4-A Fig. 4-B 

Compa^ati^•e roentgenograms of the same c4iilcl, taken bj- two different methods. 

Fig. 4-A: In the teleoroentgenogram, note the variability in visualization of the bones. The 
upper ends of the femora are poorly shown. The combined length of the bones in the riglit leg 
is 79.0 centimeters ; in the left leg, 79.6 centimeters. 

Fig. 4-B : In the orthoroentgenogram, note the greater evenness of )-isualization. The com- 
bined length of the bones in the right leg is 75.6 centimeters; in the left leg, 76.1 centimeters. 

The difference in extremity lengths, as measured bj'’ the two films, is 3.4 centimeters on the right 
and 3.5 centimeters on the left. This represents the magnification produced in the teleoroent- 
genogram. 

The position of the metal marker can be seen opposite each joint on the right leg; it is much 
more easily visualized in the original film than in the photographic reproduction. 

grams, has always revealed a considerable degree of magnification in the teleoroentgeno- 
gram (Table I) . This occurs whether the teleoroentgenogram is made on a long film with 
a single exposure for the entire lov'er extremity, or on two short films with separate ex- 
posures for the femora and the tibiae. The magnification is greater with the longer bones, 
although it is modified by the relative thickness of the soft tissues, which in turn modifi 
the distance of the bones from the film. 
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"Whereas the magnification of the femur in the long and the short teleoroentgenograms 
is essentially the same, the tibia shows somewhat less magnification in the long film. This 
arises from the fact that in the long teleoroentgenogram the tube is centered over the 
lower femur to provide better visual detail. The rays intersecting the two ends of the 
femur are thus similarly divergent in the two types of film. However, in the long film, 
since the tube is centered over the femur, the rays intersecting the upper end of the tibia 
tend to produce some foreshortening. This illustrates one of the difficulties in the use of 
teleoroentgenogi'ams for serial study, since variation in the points of focus affects the 
length of the shadows obtained. 

The measurements obtained from orthoroentgenograms show little deviation from 
the real length of bones. Orthoroentgenographic measurement of a dissected adult femur, 
45.7 centimeters long, gave a length of 45.5 centimeters ; that of an adult tibia, 37.0 centi- 
^ meters long, was 37.0 centimeters bj' orthoroentgenogram. The lengths of these bones, as 
recorded on a long teleoroentgenogram centered at the knee, were 49.2 centimeters for 
the femur and 38.5 centimeters for the tibia; on short teleoroentgenograms they were 
48.2 centimeters and 38.6 centimeters, respectively. In these exposures the bones were 
placed at a distance from the film comparable to that which would exist in a patient. 

Since the whole of both lower extremities is presented on a single film in an ortho- 
roentgenogram, details of the structure of the bone and any factors of deformity can 
readily be evaluated. The only loss of Ansualization is produced by the overlapping of 
shadows at the junction of the shields, but this point can be placed at the mid-shaft, 
where it is of little consequence. The amount of bone not visible on the film is that which 
represents the magnification produced in a teleoroentgenogram. 

Some distortion in length can occur in the orthoroentgenogram, if the tube is not cen- 
tered over the end of the bone. For this reason the exact points of focus are recorded on 
i^each film with a metal marker. If the focal spot should be significantly above or below 
the end of the bone, the film could be repeated. In practice this has seldom been necessary, 
^ and the marker senses primarily as a verification of technique. 

Motion of the patient between exposures must not occur. This is controlled by plac- 
ing the patient in a comfortable position, by strapping the legs, and by the Augilance of 
the technician. If the cooperation of the patient is secured, the factor of motion offers no 
more difficulty than in any other roentgenographic procedure. 

If there is a marked discrepancy in the length of the two extremities, there will be a 
small amount of relative distortion in the measured length of the bone over which the 
tube is improperly centered. In such cases, the two extremities may be exposed separately. 
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LIGAMENTS OF THE KNEE JOINT 

The Relationship of the Ligament of Humphry to tub Ligament of Wrisberg 

BY OTTO C. BRANTIGAN, M.D., AND ALLEN F. VOSHELL, M.D., BALTIMORE, MARYLAND 

From the Departments oj Anatomy and Orthopaedic Surgery, University oj Maryland 

School oJ Medicine, Baltimore 

The ligament of Humphry, and its relation to Wrisberg’s ligament of the knee joint, 
seems to have escaped the attention of many clinical surgeons and not a few anatomists. 
It seems worth while, therefore, to review brieflj’- this anatomical structure. 

George Murray Humphry described the ligament in 1858. He stated that the posterior 
aspect of the lateral meniscus is attached by fibers that pass in front of or behind the 
posterior cruciate ligament. Poirier and Charpj'-, in 1899, wrote that the attachment of 
the lateral meniscus to the medial condyle of the femur is constant and very strong; it has 
been considered a third cruciate ligament. At times it separates into two bundles, one of 
which passes in front of, and the other behind, the posterior cruciate ligament. 

The standard textbooks of anatomy describe the ligament of Wrisberg and place it 
behind the posterior cruciate ligament, but do not mention the possibility of its being 
anterior to the posterior cruciate ligament. Grant states; “It is a matter of interest and 
significance that the posterior end of the lateral semilunar is attached to the femm’ by 
an oblique band that passes either in front of (lig. of Humphry) or behind (lig. of Wris- 
berg) the posterior cruciate ligament.’’ 



Fig. 1-A Fig. 1-B Fig. 1-C Fig. 1-D 

1. Ligament of Humphry. 4- Posterior cruciate ligament. 

2. Lateral meniscus. 5. Anterior cruciate ligament. 

S. Medial meniscus. 6. Ligament of Wrisberg. 

Fig. 1-A: The posterior aspect of a knee joint with its ligaments. The ligament of Wrisberg ((?) 
is plainly seen and is typically illustrated. 

Fig. 1-B : The ligament of Wrisberg is not present. The ligament of Humphry is present but does 
not show, since it is anterior to the posterior cruciate ligament (4) and is thus hidden from view. 

Fig. 1-C: The same drawing as Fig. 1-B, but with the posterior cruciate ligament { 4 ) cut and 
moved aside. The ligament of Humphry (I) is plainly seen, extending from the posterior aspect 
of the lateral meniscus {2) to the medial femoral condyle. 

Fig. 1-D : A knee joint in a flexed position, viewed from the front. The synovial membrane has 
been removed from the cruciate ligaments. The ligament of Humphry (I) is plainly seen, hung on 
the anterior surface of the posterior cruciate ligament. 
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The authors found tlic ligament of Humphry onljf after very extensive dissection of 
the knee joint, and only then became cognizant of the writings of Humphry. The liga- 
ment of Wrisberg is behind the posterior cruciate ligament and extends from the posterior 
aspect of the lateral meniscus to the medial femoral condyle in an oblique upward and 
medial direction (Fig. 1-A) . It may vary considerably in size. It is often rather intimately 
blended with the posterior cruciate ligament, but sometimes it is actually separated from 
the posterior cruciate ligament by several millimeters. Since it is the most posterior of 
the intra-artieular ligaments, it is never covered with synovial membrane and accordingly 
is easily exposed to vision. 

The ligament of Humphry is a fibrous fasciculus that originates from the posterior 
aspect of the lateral meniscus, extends obliquely medially and upward in front of the 
posterior cruciate ligament, and is inserted into the medial condyle of the femur (Fig. 1-C) . 

^ It varies in size, as does the ligament of Wrisberg, but seems always to be in contact with 
the anterior aspect of the posterior cruciate ligament. It seems always to be covered with 
the synovial membrane that covers the cruciate ligaments, and is therefore obscured from 
^^ew when the knee joint is exposed from the front (Fig. 1-D). It is hidden from view 
posteriorly bj"^ the posterior cruciate ligament (Fig. 1-B). 

In a study of fifty anatomical specimens, a typical ligament of Wrisberg was found 
thirty times; a typical ligament of Humphry was found seventeen times. In three knee 
joints, there was a ligament both in front of and behind the posterior cruciate ligament. 
Two of these presented strong fibrous bands of a size equal to the usual ligaments of 
Wrisberg and Humpluy. The third knee joint presented, in front of and behind the 
posterior cruciate ligament, a fasciculus considerably reduced in size. Examination of the 
knee joints of one cadaver revealed a typical ligament of Wrisberg in the right knee and a 
typical ligament of Humphry in the left knee. In this small series of fifty knee joints, a 
ligament extending from the posterior aspect of the lateral meniscus to the medial femoral 
condyle was invariably present. 
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TREATMENT OF FRACTURE-DISLOCATION OF THE 
INTERPHALANGEAL JOINTS OF THE HAND 


BY COLONEL ROBERT C. ROBERTSON, MAJOR JOHN J. CAWLEY, JR., 

AND MAJOR ARTHUR M. PARIS 
M edical Corps, Army oj the United Slates 

Fracture-dislocation of an interplialangcal joint in tlic liand results, in the absence of 
adequate treatment, in severe permanent disability. Reduction is difficult to maintain 
by, conservative methods of splinting, because of prcssui-e necrosis of the soft tissues. 
Treatment by open methods is unsatisfactory, because of the small size of the fragment 
and the proximity of the flexor and extensor tendons. Reduction and maintenance of the 
displacement by means of multiple skeletal traction has been employed by the authors, 
with excellent results. Previous reports of tliis method of treatment liave not been found. 

Fracture-dislocation of an interplialangcal joint of the hand is an uncommon injury. 
A total of seven cases were observed by the authors in a large general hospital over a 
period of one year. The usual causative mechanism is trauma to the end of the extended 


£x|en«or Di^ttorum Commums Collateral 

,/l^amcnt 


Capfiula 
Ligament 

Flexor Bi^Horum Profundus 



Flexor Bi^itorum 
Sublimia 


Fig. 1-A 



Typical fracture-dislocation of an interplialan- Corrective forces applied by multiple traction, 
ge^l joint, showing displacements to be corrected. 


finger. A small palmar fragment is retracted proximally by the capsular ligament, while 
dorsal dislocation is produced by the extensor digitorum tendon (Fig. 1). Capsular dam- 
age of varying degree is present. Deformity is immediate and marked. Accurate diagnosis 
can be made only by two-plane roentgenograms. 


METHOD OP TREATMENT 

The finger is prepared for surgery, and is covered with a sterile dressing. A plaster- 
of-Paris cast is applied from the proximal palmar crease high onto the forearm, and a 
wire banjo splint is incorporated in the desired position. Under general or local anaes- 
thesia, a small Kirschner wire is inserted transversely through the neck of the phalanx, 
proximal to the dislocation; and another wire is placed transversely through the base of 
the phalanx, distal to the dislocation. A third wire is passed transversely through the 
neck of the middle phalanx, if the injury involves the proximal interplialangcal joint 
(Fig. 2-C) . If the distal interplialangcal joint is involved, the third wire is passed trans- 
versely or vertically through the distal phalanx. In placing these wires, care must be 
taken to avoid the tendons and the joint capsule. A small temporary dressing is applied 
about each protruding wire. The wire is then cut and fashioned to form a traction bow. 
To each of the bows, a rubber band is attached and fixed to the banjo (Fig. 2-B). The 
involved joint is then flexed to from 20 to 30 degrees, and the desired traction is applied v 
to each band at such an angle as to secure reduction of the displacement. Reduction is ^ 
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Fig. 2-C Fig. 2-D 


checked by roentgenogram after a few hours, the necessary adjustments are made, anc 
further roentgenographic observations are made, as indicated. Active motion of all jointi 
of the uninjured fingers, and of the uninvolvcd joints of the injured finger, when possible 
is instituted immediately and is continued throughout the treatment. Traction is removec 
after three or four weeks and physical therapy is given. The return of function is rapic 
(Table I) . 

In the seven cases treated by the authors, reduction of the dislocation was wel. 
maintained, and bony union of the fragments was secured. The shortest period of traction- 
fixation was twenty-one days, and the longest was thirty days. There were no operative 
infections. This method of treatment gives an excellent functional result. 


t::b Joun.N of bd n and joint soiionnv 



THE POSITION OF THE EXTERNAL HIP JOINT IN THE ABOVE-THE-KNEE 
PROSTHESIS WITH PELVIC SUSPENSION 


Ax Expekimkntal Approach to the Problem ^ 

BY A. R. BUCHAXAX, M.D.^ AXD BEXJAMIX E. ROBIXSOX, A.B.j DEXVER, COLORADO 
From the Department of Anatomy, University of Colorado School of Medicine, Denver 

Limb makers, in designing above-tlie-knee prostheses, are becoming more and more 
comdneed of tlie value of the pelvic type of suspension. The upper end of the prosthesis 
is articulated, through an external joint, with a rigid pelvic band. The limb moves freely 
in flexion and extension through the artificial and the intact hip joints, but abduction, ad- 
duction, and rotation are largely precluded by the arrangement. The axis around which 
flexion and extension occur extends from the external joint to the center of the hip joint. 

The position of the joint, between pelvic band and prosthesis, should be such that the 
distal parts of the limb are moved forward in approximately a straight line, without ap- 
preciable abduction or adduction, when the thigh is flexed. Thomas has stated that a 
common error is to place the joint too far posteriorlj", or over the greater trochanter of the 
femur. This results in an awkward gait, since the prosthesis moves outward, as well as 
forward, when the stump is flexed. 

At the suggestion of Dr. Atha Thomas, the authors have devised an experimental 
method for determining the optimum position — so far as straight-forward flexion of the 
limb is concerned — of the external joint in the above-the-knee prosthesis with pelvic sus- 
pension. 


MATERIALS AXD METHODS 

Three cadavera, whose hip joints were anatomically normal and freely movable in 
flexion, extension, abduction, adduction, and external and internal rotation, were utilized 
in this investigation. Each was placed in the supine position on a table, and firmly an- 
chored in place by means of lag screws, which penetrated the table top from below and 
were screwed into the sacro-iliac joint. 

An adjustable bracket (Figs. 6, 8, 10, and 12) was attached to the table, directly op- 
posite the left hip joint of each cadaver. The right hip joint of the third cadaver was also 
studied. The upper end of the bracket contained a ball-and-socket joint, through the 
ball of which passed a snugly fitted brass rod. One end of the rod was sharpened and 
threaded for a short distance behind the point. The rod, when passed through the ball- 
and-socket joint and driven into the head of the femur, served as a fixed axis, around 
which passive flexion of the thigh could be carried out. The bracket was so constructed 
that the ball-and-socket joint could be moved anteriorly, posteriorly, rostrally, and caud- 
ally with relation to the hip joint; it was thus possible to simulate all possible positions 
of the external joint in the above-the-knee prosthesis vdth pelvic suspension and to deter- 
mine which positions were most conducive to straight-forward flexion. 

All soft tissues were left in place in the first cadaver studied. The sharpened end of 
the rod was driven through the soft tissues into the head of the femur (Figs. 4-A, 4-B, 
5-A, and 5-B) , where its position was checked, when considered necessarj'^, bj^ anteropos- 
terior and lateral roentgenograms, taken with a portable roentgenographic unit. The 
capsule of the hip joint, and the neck and proximal part of the shaft of the femur, were 
exposed in each of the other two cadavera by removing the overlying tissues (Figs. 12 
and 13) . 

Measurements were made to determine the relationship of the rod — at a point tan- 

* Presented before the Rockj' Mountain Section of the Society' for Experimental Biology and Medi- 
cine, December 7, 1945. 
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Fig. 1 


Fig. 3 


The relation of the axis of rotation to Tlie relation of the axis of rotation to the transverse 
the transverse acetabular plane in Posi- acetabular plane in Position 3a. The drawing demonstrates 

tion la. The relation of the axis to that the axis of rotation does not shift during flexion to 54 

the greater trochanter is not accurately degrees. The lateral displacement of the femur, if flexion 
shown. were carried to 90 degrees around this axis, was calculated 

and found to be 11.2 inches. 



The lateral displacement which 
occurred at flexion of 54 degrees 
was six and one-quarter inches 
(Table I). The latter figure 
correlated in direct proportion 
with that calculated for theo- 
retical flexion of 90 degrees, thus 
proving that the axis of rotation 
remains fixed in any desired 
position, so far as our experi- 
mental method is concerned. 

gent to the lateral surface 
of the thigh — to the frontal 
plane of the anterior superi- 
or iliac spines, to the trans- 
verse plane of the spines, 
and to the planes of the 


Fig. 2 

The relation of the axes of rotation to the frontal plane of the 
pelvis in Position la (left) and Position 3a (right). 


anterior and superior bor- 
ders of the greater trochan- 
ter of the femur. The angles 
formed between the rod 


and the frontal and transverse planes of the anterior superior iliac spines were determined, 
as illustrated in Figures 1, 2, and 3. The degrees of rotation, abduction, and flexion of 


the thigh were also measured and recorded (Table I) . 

The deviation of the distal end of the femur (in abduction or adduction), with re- 
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Fig. 4-A Fig. 4-B 

Tracin^^; oi iiipj-aJ jjjoiJ .aDi.pj-D.uosJx'j-.iw 
roentgenograms, showing tlie relation of the 
rod to tlie head of tlio femur in Position la. 




Tyachyf's o! hiiorn) and anicroposlcrior mont- 
genograms, sliowing the relation of the rod to 
the Jiead of (he femur in Position 2a. Because 
of the diflicult conditions under wliicli the roent- 
genograms were obtained, lhc 3 '’ could not be 
reproduced successfullj'. 


lation to its starting and anatomical positions, was measured after flexion of the thigh to 
54 degrees from each of twenty-three starting positions (Table I). Flexion was main- 
tained, while measurements and photographs were taken, by means of a rod extending 
between the popliteal area of the thigh and the table; the rod was sharp at its point of 
contact with the table and did not influence the position of the limb as to lateral or me- 
dial deviation. 


Results 

Six positions of the rod, as inserted through the ball-and-socket joint into the head 
of the femur, were studied in the first cadaver. A description of each position is pre- 
sented in Table I; in none of the starting positions was there either flexion or abduction 
of the thigh. External rotation varied from 11 degi-ees, in Position 4a, to 67.2 degrees, in 
Position 3a. 

The location of the ball-and-socket joint in Position la (Fig. 6) corresponded, as 
nearly as could be determined, to the location of the external joint in the illustrations of 
the pelvic-suspension type of prosthesis, published by Thomas. The point of the rod was 
well centered in the head of the femur, as shown by anteroposterior and lateral roentgeno- 
grams (Figs. 4-A and 4-B). External rotation, as measured at the cond 3 des of the femur, 
amounted to 47 degrees. When the thigh was flexed 54 degrees, the medial condjde of 
the femur was found to have deviated latei*ally onlj’" three-quarters of an inch (Fig. 7) . 

The same degree of external rotation of the femur was present in the second position 
studied (Table I, Position 2a), but the rod was one-half inch posterior to the plane of 
the anterior border of the greater trochanter, and at the level of its upper border. This 
position represented an attempt to simulate placing the joint of the prosthesis over the 
greater trochanter, which has been done frequently, according to Thomas. The position 
of the pin in the head of the femur is shown in Figure 5. At the end point of flexion to 64 
degrees around this axis, the medial condyle had moved laterally three and one-quarter 
inches from its original neutral position (Figs. 8 and 9) . 

The rod was next driven into the head of the femur through its neck. It entered the 
femur one-quarter inch posderiar to tie plane of the anterior border of the greater tro- 
chanter, and one and one-half inches inferior to its upper border (Fig. 10). This relation- 
ship of the rod to the femur was maintained in each of the next four experiments (Posi- 
tions 3a, 4a, 5a, and 6a) , while the degree of external rotation was varied from 67.2 de- \ 
grees to 11 degrees. 
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Fig. 6. Position la prior to flexion. 

Fig. 7. The position of tlie left tliigh when flexion 
of 54 degrees liad been produced from Position la. 

Tlie angle from wliich the photograpli was taken ac- 
centuates the actual degree of abduction, which measured three-quarters of an inch. The external 
rotation of 47 degrees is indicated b 3 ’ the positions of the leg and foot. 


Fig. 7 


The femur was externally rotated 67.2 degrees in Position 3a. At the end of 54 
degrees of flexion, the medial condyle of the femur was abducted six and one-quarter 
inches from its original neutral position (Figs. 10 and 11). External rotation was reduced 
to 11 degrees in Position 4a, and abduction at 54 degrees of flexion amounted to only 
one-half inch. In Position 5a, external rotation measured 27 degrees; abduction at 54 de- 
grees of flexion measured two and one-quarter inches. When external rotation was in- 
creased to 32.8 degrees (Position 6a), abduction in flexion increased to four and one-half 
inches. 



Fig. 8 

Fig. 8. Position 2a prior to flexion. 

Fig. 9. Abduction of three and one-quarter inches, 
which occurred with flexion of 54 degrees from 
Position 2a. 


Fig. 9 
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In the second cadaver, flexion was first investigated from an originally abducted po- 
sition of the thigh. Before driving the rod into the head of the femur in Position lb, the 
thigh was abducted 8 degrees (two and one-half inches at the medial condyle), and exter- 
nally rotated 65 degrees. The relationship of the rod to the frontal and transverse planes 
of the anterior superior iliac spines was the same as in Position la. Flexion of 54 degrees 
resulted in adduction from the starting position of four and three-eighths inches; thus 
the medial condyle was actually adducted one and seven-eighths inches beyond its ana- 
tomical position. 

Beginning abduction was increased to 1 1.2 degrees (three and one-half inches at the 
medial condyle) in Position 2b, before the rod was inseidcd into the head of the femur. 
The position of the rod with relation to the frontal and transverse planes of the anterior 
superior iliac spines remained approximate!}’’ the same as in Position lb, but external ro- 
tation was increased to 78 degrees. Flexion of 54 dcgi’ces was accompanied by adduction 
from the starting position of only one and one-quarter inches. The thigh therefore re- 
mained in an abducted position (two and one-quarter inches) at the end point. 

Abduction in Position 3b was 8 degrees, or the same as in Position lb; external rota- 
-tionAvas somewhat less (59 degrees). The external joint Avas moved anteriorly one and 
one-quarter inches, and interiorly three-quarters of an inch. At the end point there had 
occurred adduction of four and three-quarters inches; this carried the medial condyle to 
a point one and one-quarter inches medial to its anatomical position. 

In order to simulate the flexed position of the stump often seen after amputations 
of the upper thigh, the femur, in Position 4b, was flexed 23 degrees before the rod was 
driven into its head. The angle between the rod and the transverse plane of the iliac 
spines was the same as in Positions lb and 2b; that between the rod and the frontal 
plane was practically zero (0.7 degree). External rotation amounted to 45 degrees, and 
abduction to 12.8 degrees (four inches). With flexion to 54 degrees, the abduction was 
reduced from four inches to one inch. 

When the ball-and-socket joint was moved posteriori}’- and inferiorly, so that the rod 
w’as in the plane of the anterior border of the greater trochanter and one inch below the / 



Position 3a prior to flexion. The inferior and | 

posterior angles between the rod and tlie trans- 
verse and frontal planes of the pelvis are shown. Fig. 11 


Fig. 11: Abduction of six and one-quarter inches, as it occurred in flexion fiom Position 3a. 
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plane of its superior border (Position 5b) , with abduction, external rotation, and flexion 
approximately the same as in Position 4b, flexion of 54 degrees resulted in exaggeration 
of the original abduction (from four and one-half to six inches). 

In the investigation of the left hip of the third cadaver, it was felt that an attempt 
should be made to eliminate some of the numerous variables allowed in the previous ex- 
periments. Flexion, abduction, and external rotation of the thigh, in each starting posi- 
tion, were therefore kept constant at 10.5 degrees, 14 degrees, and 50 degrees, respectively; 
the relation of the rod to the transverse plane was varied only slightly. Thus the only 
actual variable was the angle between the rod and the frontal plane; this varied from a 
posterior angle of 27.9 degrees in Position Ic to an anterior angle of 35 degrees in Position 
5c. In Position Ic, the original abduction of four inches was increased to six and one- 
quarter inches. When the posterior angle between the rod and the frontal plane was re- 
duced to 5 degrees (Position 201, the thigh moved straight forward; abduction at the 
start and at the end point (54 degrees of flexion) was four inches, or 14 degrees. 

When the posterior angle was changed to an anterior angle, and then increased in size 
(Positions 3c, 4c, and 5c) , adduction occurred in increasing amounts when the thigh was 
flexed. The adduction ranged from one and three-eighths inches, with an anterior angle of 
0.7 degree, to three and one-eighth inches when the angle was increased to 35 degrees. 

In the final experiment, utilizing the right hip joint of the third cadaver, the rod 
was kept parallel to the transverse and frontal planes of the anterior superior iliac spines 
throughout the first six positions (Positions Id through 6d), while various combinations 
of external rotation, abduction, and flexion of the thigh were investigated. 

When the thigh was externally rotated 30 degrees, without accompanying abduction 
or flexion, adduction of one and one-quarter inches occurred when it was flexed through 
the usual range of 54 degrees. The adduction was increased to two and three-eighths 
inches, when external rotation of 30 degrees at the start was accompanied by abduction 
of either 7 degrees or 14 degrees (Positions 2d and 3d). 

Flexion of 14 degrees, combined with external rotation of 30 degrees and abduction 
of 7 degrees — simulating the position of the amputation stump — resulted in adduction of 



Fig. 12 

Position 4b prior to flexion to 54 degrees. The thigh 
ivas flexed and abducted before the rod was dnven into 
the head of the femur. 



Fig. 13 


Fig. 13 : Flexion to 54 degrees from Position 4b. Abduction was reduced from four inches, at the 
start, to one inch, at the end point. 
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only seven-eighths of an inch (Position 4d). The amount of adduction was practically 
unchanged when starting abduction was increased to 14 degrees, without changing flex- 
ion and external rotation (5d) ; this was consistent with the results in Positions 2d and 
3d, where doubling the amount of abduction, without other changes, failed to alter the 
amount of deviation of the thigh at flexion of 54 flegi’ees. 

Flexion and abduction were the same in Position 6d as in J^osition 5d, but external 
rotation was increased from 30 degrees to 45 degrees; adduction at 54 degrees of flexion 
increased from three-quarters of an inch to one and three-quarters inches, as compared 
with the former position. 

The relationship of the rod to the frontal plane was altci'od in Position 7d, while 
flexion, abduction, and external rotation of the limb were t,he same as in I’osition 6d; the 
parallel relationship between the I’od and the transverse plane was maintained. A poste- 
rior angle of only 7 degrees between the front, al plane and the rod was suflicient to reduce 
adduetion from one and tlirec-quartcrs inches (Position 6d) to only thrcc-cightlis of an 
inch. 

DISCUSSION 

It is obviously impossible to draw definite conclusions as to the optimum position of 
the external joint, with reference to the trochanter and the various planes of the pelvis, 
which will be applicable to the fitting of above-the-knee prosthcscs to any and all ampu- 
tation stumps. Our studies indicate that each of the innumerable combinations of flexion, 
abduction, and external rotation which arc likely to exist in such stumps, and to which the 
sockets of the prosthescs must be accommodated, will jirobably necessitate adjustments, 
of greater or lesser degree, in the location of the joint. The results of the present investi- 
gation appear to support the thesis that the joint should be jflaced considerably anterior 
to the greater trochanter, as stated by Thomas. 

Regarding the position of the stump following thigh amputations, Langdale-Kelhain 
stated that one could expect to find “any variation from a long femur stump with little 
flexion and no abduction, to a short femur stump markedly flexed 40 degrees or more, 
markedly abducted, and externally rotated”. The muscular forces responsible for such 
postural deviations of the stump are not easily accounted for. 

Steindler, in analyzing the dynamics of the muscles concerned with movements of 
the hip joint, found that flexion and abduction of the hij) nullified the external rotary 
action of the posterior fibers of the gluteus medius, and that almost all the fibers of the 
gluteus minimus rotate inward in all positions of the hip joint. He considered the rotary 
power of the tensor fasciae latae, and that of the hamstring muscles, to be negligible. 
Both piriformis and obturator internis lose some of their external rotary power when the 
hip is flexed, according to Steindler, and the adductor magnus is a very weak internal ro- 
tator of the hip. The gracilis was considered to be an internal rotator of the “leg” in 
most positions. This analysis by Steindler does not furnish an anatomicoph 5 >-siological 
basis for the marked external rotation observed in femoral stumps. 

The abduction described by Langdale-Kelham as existing in short femoral stumps 
is, no doubt, explained by the loss of action of the adductor longus and adductor mag- 
nus. Flexion (and possibly some external rotation) is produced by the relatively unop- 
posed action of the iliopsoas. The lack of opposition is mainly due to the loss of the nor- 
mal extensor effects of the hamstring muscles. The marked decrease in weight of the 
stump, as compared with that of the normal extremity, is no doubt a contributing factor 
to the overactivity of the iliopsoas. The weight of the artificial limb should correct both 
flexion and abduction of the stump, to some extent. 

Regardless of inability to explain the postural deviations which are seen in the stump 
following thigh amputations, they must be considered in determining the most favorable 
position of the external joint. Positions Ic, 2c, and 3c indicate that placing the external 
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joint one-half inch anterior to the greater trochanter (Positioa 2c) results in straight- 
forward flexion, as compared with flexion complicated by considerable abduction when 
the external joint is placed over the trochanter (Ic), and b}' adduction when it is placed 
three-quarters of an inch anterior to the trochanter (3c) . 

Thomas’s opinion, that good function in artificial limbs is not promoted by placing 
the external joint over the greater trochanter, seems justified in the light of the results 
obtained in these experiments when the external joint was placed in, or posterior to, the 
plane of the anterior border of the trochanter. Positions 2a, 3a, 4a, 5a, 5b, and Ic are il- 
lustrative of the type of flexion that may be expected from such a posterior placement of 
the joint. Abduction occurred in flexion from all of these positions, in spite of consider- 
able variation in degrees of e.xtornal rotation, abduction, and fle.xion at the start of the re- 
spective experiments. It is interesting that the amount of abduction was verj’- slight (one- 
half inch) in Position 4a, in which external rotation was only 11 degrees; this indicates 
that the joint might be favorably placed over the greater trochanter, if a stump with this 
slight degree of external rotation should be found. 

The external joint maj* also be placed too far anteriorly, as illustrated by Positions 
3c, 4c, and 5c. Flexion, abduction, and external rotation of the thigh were kept constant 
in these three e.xperiments, while the external joint was in planes three-quarters of an inch, 
one and one-half inches, and two and one-quarter inches anterior to the anterior border of 
the trochanter. With each increase in the distance between the axis of rotation and the 
trochanter, the adduction accompanying flexion of 54 degrees increased (one and three- 
eighths inches, two and one-eighth inches, and three and one-eighth inches, respectively) . 

Our -most satisfactorj- results, from the standpoint of straight-forward flexion, were 
obtained from Positions la, 2c, and 7d. In the first of these, with the thigh in 47 degrees 
of external rotation, the rod was so placed that, it made an angle of 15 degrees with the 
frontal plane of the anterior superior iliac spines, and an angle of 13.3 degrees with the 
transverse plane. It was one inch anterior to the anterior border of the greater trochan- 
ter, or approximate!}' one and three-quarters inches anterior to its lateral mid-line. 

In Position 2c, external rotation amounted to 50 degrees, and the thigh was abducted 
14 degrees and flexed 10.5 degrees. There was a posterior angle of 5 degrees between the 
rod and the frontal plane, and the angle between the rod and the transverse plane was 
also 5 degrees. The distance from the middle of the trochanter to the rod was one and 
one-quarter inches. 

External rotation in Position 7d amounted to 45 degrees, and flexion and abduction 
to 14 degrees each. The posterior angle between the rod and the frontal plane measm-ed 
7 degrees, and the rod was parallel to the transverse plane. The distance anterior to the 
anterior border of the trochanter was three-quarters of an inch ; it was therefore one and 
one-half inches from the middle of the trochanter to the rod. 

In the optimum positions of the external joint, as determined by our method of inves- 
tigation, the distance anterior to the middle of the trochanter varied from one and one- 
quarter to one and three-quarters inches. In all of these favorable positions, the rod 
passed one-quarter inch inferior to the plane of the superior border of the trochanter. The 
angles between the axis rotation and the frontal and transverse planes of the anterior su- 
perior iliac spines did not exceed 15 degrees, and they tended to approach zero. 


SUMMARY 

Three human cadavera were utilized for the study of the effects of var}'ing axes of 
rotation upon flexion of the thigh. The investigation was carried out in an attempt to de- 
termine the optimum functional position of the external hip joint in the above-the-knee 
prosthesis with pelvic suspension. Variations in the angles formed between the axes of ro- 
tation and the frontal and transverse planes of the anterior superior iliac spines were fa- 
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cilitated by an adjustable ball-and-socket joint; this was placed opposite the hip joint of 
the cadaver, and a rod was passed through it into the center of the head of the femur. 

Flexion to 54 degrees was carried out from starting positions — characterized by vari- 
ous combinations of flexion, abduction, and external rotation of the thigh — which simu- 
lated the postural deviations observed clinically in amputation stumps. 

The results indicate that, for straight-forward flexion to occur, the external joint 
should be placed from one and one-quarter to one and three-quarters inches anterior to 
the middle of the greater trochanter. 

An axis which passed through the greater trochanter was conducive to considerable 
abduction, as the thigh was moved forward in flexion. Conversely, when the external 
joint was placed too far anteriorly, adduction was associated with flexion. 

Considerable adjustment in the position of the external joint, within rather narrow 
limits, is necessary to compensate for varying degrees of flexion, abduction, and external 
rotation of the thigh. 

Note: The autliors wisli lo express tlieir sincere npprecinlion to Dr. Atlia Tiiomas for suggesting 
this investigation, and for construct i^'c criticism of the work as it was carried out. Mr. Oicster C. Haddan, 
President of the Association of Limb Manufacturers of America, has also given helpful suggestions and 
criticism. Thanks are due Mr. Glenn Mills for the excellent photographs, illustrating the methods and 
results of the e.xperimental procedures. Miss Ilelen Vellrie of the Department of Ilocntgcnology, Uni- 
versity of Colorado Medical School, and Dr. Joseph McGill, were most cooperative in preparing the 
roentgenograms. The retouching of the illustrations was made possible bj' a grant from tlie Council on 
Research, University of Colorado Graduate School. 
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AIUTATIONAL DYSOSTOSIS (CLEIDOCRANIAL DYSOSTOSIS) 


BY LIEUTENANT COLONEL ARTHUR B. SOULE, JR. 

Medical Corps, Army of the United Stales 

Mutational dysostosis is a condition, frequently transmitted by parents to offspring, 
which is characterized by multiple, variable developmental skeletal anomalies. The more 
prominent and frequent of these anomalies are aplasia of the clavicles, delay in closure of 
fontanellcs and cranial sutures, brachycephalia, prognathism, irregularities in dentition, 
and structural abnormalities in the skull bones, vertebrae, sacrum, pelvis, femora, scapulae, 
mctacarpals, metatarsals, and phalanges. 

Although iMorand is usually credited with the earliest description of the disease, the 
case cited by him in 1766 was, according to Fitchet, definitelj’- not one of mutational 
dysostosis. Terrj’ states that, in 1760, Meckel reported an infant born without clavicles. 
In 1765, ^lartin reported the case of a man, thirty years old, one of whose clavicles was 
deficient posteriorly; the man’s father, grandfather, and one uncle had abnormallj' mobile 
shoulders, and presumably abnormal clavicles. 

The first authentic case to be reported in the English literature appears in the 1870 
edition of the Descriptive Catalogue of the Warren Anatomical Museum of HarA'ard 
University as a contribution of Dr. Ephraim Cutter of Woburn, Massachusetts. The case 
was that of an eleven-year-old girl, who died of acute disease and whose imperfectly 
developed clavicle was presented to the Museum in 1868 with the notation that the other 
cla^^cle was similarly affected. The clavicle was one and three-quarters inches in length 
and about one-third of an inch in width, and was flattened and moderately curv^ed. There 
was the usual attachment to the sternum but none to the scapula. The father of the child, 
who was exhibited to the Societj" for Medical Improvement by Dr. Cutter, had defects in 
both clavicles, but the outer half of each bone was indistinctly felt in connection with the 
scapula. The father stated that two of his brothers had the same malformation, and he 
, thought that his father, from the slope of his shoulders, may have had the same defect. 
The girl had seven brothers and one sister; all of the boys had the malformation on one 
or both sides. 

The first detailed description of the disease as a pathological entity was made by 
Marie and Sainton, who reported four cases, occurring in a mother and daughter in one 
family and in a father and son in another family. Marie and Sainton named the disease 
“la dysostose cleido-cranienne hereditaire" , and stated that the cardinal features of the 
syndrome were: (1) a varying degree of aplasia of the clamcles; (2) overdevelopment of 
the transverse diameter of the cranium coincident with delay in ossification of the fon- 
tanelles; and (3) hereditary transmission. 

The term “cleidocranial dysostosis’’ w'as applied to this affection by all VTiters until 
1936, when Rhinehart called attention to its mutational character and to the variety and 
inconstancy of findings, and proposed the name “mutational dysostosis’’ as more rational 
and descriptive. 

In 1929, Fitchet made an exhaustive survey of available literature on the subject, and 
abstracted all cases reported prior to that time. In this sur\my, 151 cases were collected, 
of which eighty-eight were familial, occurring in twenty-four different families, and sixty- 
three were either isolated or were without history of relationship to other persons hamng 
the disease. 

In 1937, Engel collected a total of 228 cases reported in the literature, of which 106 
were familial, occiuring in twenty-five families, and 122 were sporadic. 

The author has made a survey of all case reports and articles on mutational or cleido- 
cranial dysostosis published from January 1929 through March 1944, as reported in the 
Quarterly Cumulative Index Medicus. These articles are listed in the bibliography. Six 
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additional cases are reported here. As a result of this survey, 172 cases have been added 
to those reported by Fitchet, of whicli 110 n'cre familial, occurring in twcnty-ciglit dif- 
ferent families, and sixty-two wore sporadic or without family Jiistory of the disease. 
Seventy-one were males, seventy-nine were feinalcs, and the sex of the remaining twenty- 
two was not reported. The surveys of Fitcliet and the author give a total of 323 reported 
cases, of which 198 were familial, occurring in fifty-two families, and 125 were sporadic 
or isolated. Of these, approximate!}' half were males. 

The apparent rarity of the condition is indicated Ijy t.lic scarcity of published reports 
and anatomical specimens. Kinsella stated that in the museums of the world there were 
only nine skulls and two complete skeletons showing (,he condition; five of the skulls and 
both skeletons wore in the Institute of l^athological Anatomy of the University of Vienna. 

The geographic distribution has been interesting. Cases have been reported from ever}' 
continent; the central European countidcs, England, and the United States have contrib- 
uted the largest numbers. 

While the majority of the cases cited have been of the familial type, examples of 
apparently sporadic occurrence are not at all uncommon. In many instances the histories 
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Family reported by Carriere, Huriez, and Decamps. 




have not been sufficiently detailed to rule out the occurrence of anomalies in other members 
of the families, and the relatives of many of these patients have not been examined care- 
fully for signs of the disease. 

In those cases showing a hereditary background, transmission has been by both male 
and female members of the family to a nearly equal degree. In the entire series of cases, 
the disease was known to have been transmitted by thirty males and thirty-two females. 

In many instances, the disease has appeai'ed in two successive generations and has been 
lost in the following generation. In eight families, the disease appeared in three successive 
generations; in four families, it appeared in four successive generations; in one family, it 
appeared in five successive generations. No authentic instance could be found where the 
disease appeared in one generation, skipped one or more generations, and then i-eappeared 
in a subsequent generation. In the family studied by Langmead and by Carpenter, as 
reported by Fitchet, two affected children were born to parents who were said to have 
been normal; the parents were not examined, and discrepancies in the accounts of the 
family by the two authors throw discredit upon the accuracy of the study. 

Examples are numerous of families in which the disease disappeared, not to reappear 
in subsequent generations. In the family reported by Carrim'e, Huriez, and- Decamps, 
the disease appeared in eight individuals in three successive generations; in the two sub- 
sequent generations, no cases were present in eleven individuals (Chart I). In the family 
reported by La Chapelle, the disease appeared in at least eight members of three genera- j 
tions (Chart II) . A normal woman of the second generation (whose mother and five of 
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Family reported by La Chapelle. 


’ whose brothers and sisters had the disease) bore ten normal cliildren. In the family reported 
b}' Burkens, La Chapelle, and Groen, the disease appeared in four generations; in the 
third generation, five out of thirteen individuals showed evidence of the disease; in the 
fourth generation, only one out of twenty-two individuals was affected (Chart III). 

In families in which the disease appeared in several generations, it was transmitted 
to 134 indmduals and not transmitted to seventy individuals. Examples are common in 
which four out of six, or seven out of eight children showed signs of the disease. 

The etiologj’ of the disease is unknown, but it is unquestionablj^ associated with a 
defect in the parental germ plasm, as first suggested b}’- Hultkrantz. Strauch believes that 
an endogenic cause operates, probably in the parental germ plasm, with defects of certain 



Chabt III 

Family reported by Burkens, La Chapelle, and Groen. 


elementary building units of the chromosomes which carr}”- the hereditary potentialities, — 
that is, there is a faulty Anlage in the system of membranous bones, the skull bones and 
clavicles, wLich is also present occasionally in the bones of chondral origin. 

Another theory was advanced by Jansen, wdio suggested that the defects might be 
produced (during the eighth week of gestation) through compression of various parts of 
the growing foetus by a small amniotic sac. Jansen’s theory fails to explain the patho- 
genesis of many of the conditions common to this disease, — notably the appearance of 
supernumerarj- digits in hands and feet, extra epiphyses, supernumerary teeth and verte- 
brae, delayed secondary dentition, and thickening of flat bones. 

Greig, Fitzwilliams, and others have commented on the fact that most of the defects 
have been in bones formed in membrane. However, as Fitzwilliams and others have 
pointed out, there are many authentic examples of defects of bones or portions of bones 
not formed in membrane. 

In his monograph on the development of the clavicle, Fawcett states that the earliest 
r recognizable step in this process is noted in the embryo of eleven millimeters when a con- 
densed, curved rod of connective tissue appears beneath the acromion process and the 
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first rib. Witliin this connective tissue is laid down an inner and an outer mass of pre- 
cartilage; the former lies above and anterior to the latter and tliey are separated from 
one another by connective tissue. At seventeen millimeters, ossification begins in the 
center of eacli precartilaginous mass. At eigiitcen to nineteen millimeters, fusion occurs 
between the opposing ends of tlie two masses of prccartilage, and a third center of ossifica- 
tion appears in the precartilaginous bi'idgc. At twenty-seven millimeters, cartilage cells 
appear in the outer segment and the subsequent development of bone in this area occurs 
at the expense of the cartilage. Therefore, the clavicle develops in three segments, — outer, 
middle, and inner. In the outer and inner segments, bone is formed partially in membrane 
and partially in cartilage; in the mitldlc segment, bone is formed wholly in membrane. 
Although knowledge of this process aids in the understanding of the cmbryological basis 
for the variations noted in the clavicular defects, it docs not explain the failures of de- 
velopment and fusion. 

Various theories have been advanced to explain the dental defects. Stocks, as quoted 
by Rushton, suggests that the abnoianalities arise from restriction of the erupting area by 
the stunting of the jaws; he fails to explain the presence of su])ernumerary premolars and 
the absence of some of the molars. Frohlich believes that all of the defects arc part of the 
syndrome, and therefore are referable to deficiencies in the parental germ plasm. 

Rushton cites Griineberg’s observations on grcy-lcthal mutation in the mouse, which 
is characterized by lack of all secondary bone absorption processes in the skeleton: The 
bone substance laid down in development is preserved in its entirety. The growth of the 
teeth is limited by the width and size of the sockets when the teeth are enclosed in them. 
The teeth assume peculiar shapes; some are narrow and others are compressed from above 
downward. Griineberg states that the former concept of stimulvs (pressure) leading di- 
rectly to response (absorption) has to be revised to the concept of stimulus (pressure) plus 
an hereditary basis for response leading to response (absorption). Rushton, in comment- 
ing on Griineberg’s observations, suggests that the appearance and behavior of the teeth 
in mutational dysostosis may be due to a defect in the bone-absorption mechanism of 
the jaws. 

Durante and Porak suggest that the disease maj’- be a variant of osteogenesis 
imperfecta. 

Rubens and several other writers report isolated cases of cleidocranial dysostosis 
which also showed abnormalities characteristic of craniofacial dysostosis with ocular 
hypertelorism (Crouzon’s disease). The typical features of hj^pertelorism, as noted by 
Rubens, are a wide separation of the orbits, a brachycephalic skull with small face and 
large cranium, flattening of the occiput, and bulging of the temporal regions. The nasal 
. bridge' is -broa4 and the tip of the nose is retrousse. The eyes may show an external 
strabismus. Mental deficiency occurs in the more severe cases. 

Tuberculosis, syphilis, other infections and intoxications, consanguinity, and rickets 
seem to play no part in the etiology. 

CHARACTERISTICS OP THE DISEASE 

Mutational dysostosis is characterized by multiple defects in development and struc- 
ture; these are almost wholly confined to the skeleton, except as certain skeletal abnor- 
malities affect muscles and other organs. Most of the defects are present at birth, but 
many of them, especially the cranial and dental anomalies, become manifest as the child 
grows and develops. Variations from the typical abnormalities are common, and no one 
finding is characteristic of all cases. 

Skull 

The skull is brachycephalic, with a cephalic index of more than 80 degrees. The 
biparietal diameter is increased and the fronto-occipital diameter is decreased. There is 
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usuallj’ marked promineiico of the frontal, parietal, and occipital bosses with depression 
of the sagittal suture, thus giving a “hot cross bun” effect, or natiform skull. The metopic 
suture, which in the foetus separates the two lateral halves of the frontal bone, persists 
into late childhood and frequently never fuses. There is delayed and often incomplete 
closure of the fontancllcs, with persistence of large, irregular defects in the anterior, pos- 
terior, mastoid, and sphenoid fontancllcs. Sometimes the fontanelles develop heavy fascial 
or thin bony coverings so that pulsation of the brain cannot be felt, but there is seldom 
complete bony closure with tables of normal thickness. Most of the suture lines are wide, 
depressed, and tortuous, and include many wormian bones derived from accessory centers 
of ossification. Variations in the supra-orbital ridges are common; although the ridges 
are usually overdeveloped and prominent, defects are occasionally seen. 

The base of the skull is usuallj* kyphotic. The sphenoid bone is underdeveloped, 
narrow, and short. The foramen magnum is large and faces forward and downward, so 
diat a line drawn through the sagittal plane, when continued anteriorly, passes through 
die nasion or glabella. Occasionally, defects are noted in the posterior wall of the foramen 
nagnum. 

The bones of the face are gcnerallj' underdeveloped, small, and asymmetrical. The 
superior maxillae and small facial bones show the greatest number of abnormalities. The 
maxillae are micrognathous and irregular in outline and structure with small, depressed 
frontal processes; the palate is highly arched, narrow, and occasionally cleft. The nasal, 
lacrimal, and malar bones are partiall}' or wholly deficient, and gaps may be .present be- 
tween the zygomatic processes of the temporal bones and the corresponding processes of 
the superior maxillae. The mandible, on the other hand, is large, long, and prognathous, 
svith obtuse angles. The alveolar process is broad. When the mouth is closed, the occlusal 
surface of the mandible is well forward of the corresponding surfaces of the maxillae. The 
mental suture is often wide, and the genial tubercles are often so much enlarged that they 
project backward like bony spines. The paranasal sinuses and mastoid cells are usually 
small; the latter may be absent or sclerosed. Occasionally the frontal sinuses are dispro- 
portionately large. 

Teeth 

Dental abnormalities are common, and frequently give rise to troublesome and, at 
times, dangerous complications. The deciduous dentition is usually normal, although 
occasionally it is delayed. The permanent teeth are very slow to appear; most of them 
remain unerupted until late in life, and many never erupt, but lie buried in the jaw. The 
first molars and lower central incisors are the first to erupt; the upper central incisors 
frequently do not appear. The wearing of artificial dentures seems to stimulate eruption 
of teeth, even in elderly people, probably from absorption of the overlying bone. 

The teeth that do appear are apt to be small, irregularly placed, and crowded, badly 
embedded, and incompletely erupted. IMany of the deciduous teeth remain throughout 
life and lie among the permanent teeth. The crowns of the erupted permanent teeth are 
somewhat irregular in outline, with defects in the enamel, dentine, and cement, making 
them especially subject to caries, periodontoclasia, and hypertrophied gums. The roots 
are uneven, curved or hooked, and occasionally show spiral twisting. The crowns of the 
unerupted teeth are spherical or conical in shape, and show pits and elevations due to 
uneven deposition of enamel. 

Absence of some teeth, especially of the upper incisors and molars (and occasionally 
of the cuspids), is common; supernumerary teeth are frequently seen. The latter, which 
are usually premolars as far as structure is concerned, are located most commonly in the 
incisor and premolar areas, and vary in number from two to fourteen. 

Dentigerous cysts are often present, and are presumably due to failure of eruption, 
followed by proliferation and degeneration of epithelial remnants around the crowns of 
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the teeth. If the cysts arc multiple, and in close j^roxiinity to one another, they may 
become confluent. Secondary infection of such cysts has been rcpoilcd by Frohlich, and 
is noted in this report in Case 6. 

Upper Extremities 

Defects in the clavicles are among the commonest le.sions found in mutational dysos- 
tosis, and may vary from a small defect in one clavicle to comj)letc absence of both bones. 
Usually small, bony stumps arc present mcsially, which articulate with the sternum and 
to which the sternomastoid and pcctoralis major muscles arc attached. Frequently both 
sternal and acromial ends arc present, but \iimnitcd; occasionally only the acromial ends 
are present. In about 10 jmr cent, of all rcportefl cases, the clavicles arc entirely absent. 
In at least one case, three separate bony fragments were present on each side. If small 
acromial fragments arc lU'csent, they may articulate with tlie outer portions of the acromial 
processes and project out over the shoulder joints. Some authors have rcj)ortcd the pres- 
ence of fibrous cords between the fragments of clavicle, or between the acromion (or 
sternum) and the clavicular fragment. Others have commented on tlic absence of such 
cords. Occasionally, small defects only arc jiresent, with a jiseudarthrosis existing between 
the fragments. In the six cases here reported, small sternal fragments were present in 
two cases and small sternal and acromial fragments in two; the fifth patient had bilateral 
sternal fragments but only one (left) acromial fragment. The sixth patient had a small 
defect in the sternal end of the right clavicle and no defect in the left clavicle. 

The scapulae are typically small and of primitive appeai'ancc, and lie higher and 
nearer the axillae than usual, often projecting behind like small wings. The supraspinous 
fossae are frequently absent, and the acromial processes are wide and long. If the acromial 
ends of the clavicles are present, the articular facets may be in the usual position or may 
be on the outer margins of the acromial ])roccsses. 

Anomalies in the humerus, ulna, and radius are unusual, although the shafts may be 
somewhat shorter than average. Partial or comjflcte absence of the radius has been re- 
ported. More frequent abnormalities are the persistence of epiphyseal lines at the lower 
extremities of the ulna and radius, and shortening of the radius out of proportion to the 
ulna, wuth consequent abduction of the "wrist and hand. 

Anomalies are common and numerous in the mctacarpals and phalanges. In the child, 
extra epiphyses are encountered in the proximal ends of one or more mctacarpals and in 
the distal ends of one or more phalanges, esi)ecially the proximal phalanges. The ineta- 
carpals are widened at the ends and narrowed in the shafts; the second metacarpal is 
usually disproportionately long. The cortex is dense in the constricted areas and is thin 
elsewhere. 

The proximal phalanges are wide above, and narrow and dense distally. The middle 
phalanges are apt to be short, with slightly concave margins. The terminal phalanges are 
short and tapering, and lack the normally expanded ungual tubej-osities. All phalanges 
of the little finger are unusually short. 

Spine, Pelvis, and Thorax 

The spinal abnormalities most frequently encountered are accentuations of the normal 
anteroposterior and lateral curvatures (lordosis, kyphosis, and scoliosis), fusion defects' 
of the laminae and spinous processes (spina bifida) , accessory vertebrae, missing vertebrae,' 
and hemivertebrae. When a hemivertebra is present, as in one of the cases here reported, 
a marked localized scoliosis results. Cervical ribs are seen occasionally. The iowm- sacral' 
segments and the coccyx are often absent or defective. ; 

The pelvic bones are usually smaller than normal and have a somewhat primitive 
appearance, resembling in shape those found in the gorilla. Although small in size, they 
are thick and heavy, with flaring, asymmetrical iliac crests. The most common defects 
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are in the ossa pubes, wliich are unclcrdcvelopecl and partially deficient mesialh-. As a 
result, the symphysis pubis is greatly widened, often measuring several centimeters in 
transverse diameter. The jiclvic canal may be contracted and asymmetrical, which in the 
female predisposes to difTicult or impossible dclivcrj'. In spite of these abnormalities, 
many women have been able to bear children without notably difficult labors, although a 
few have been delivered by Caesarean section. The wide sacro-iliac joints and S 5 'mphysis 
pubis apparently account for the ease of deliverj- in some cases. 

Fusion defects have been noted between the ]iubic and the ischiatic rami; the pos- 
terior inferior spines may be long and narrow, and the acetabula ma}’’ be shallow. 

The ribs are somewhat rounded behind and flattened in front. If spinal anomalies 
are present, compensatory changes of various types may be noted in the shape and posi- 
tion of the ribs. The sternum may be normal, or it may be small and irregular in outline. 

Lower Extremities 

The femoral necks arc frequently deformed or absent; the infantile type of coxa vara 
is a common abnormality. AYhile this is usually bilateral, in a few cases it has been present 
on onh' one side (often the right), with a consequent short leg and limp. A co.xa valga is 
sometimes encountered. The remainder of the femora, the tibiae, and the fibulae are 
usuallj’ normal, although thej- may be somewhat shorter than average. Rarely, genu 
valgum and absence of one or both fibulae have been encountered. 

The changes in the ankles and feet are similar to those in the wrists, hands, and 
fingers. The calcaneus may be shortened and the astragalus may be narrow. Super- 
numerarj' metatarsals and digits are occasionallj- seen. 

Muscles 

In most cases the muscular development about the neck and shoulders is normal; 
the muscles which normally are attached to the clavicles are attached to the rudimentarj" 
bon}' stumps or to the fibrous cords, which may be present in place of the deficient bones. 
Occasionally there is partial or complete absence of the subclaAuus, the cla^^cular head of 
the pectoralis major, the clavicular end of the trapezius, and the clamcular portion of the 
deltoid. The sternomastoid and sternohyoid muscles are usually present, and are attached 
to either the rudimentary sternal stumps of the claidcles or to the upper, outer margins of 
the sternum. The muscles normally attached to the supraspinous fossae of the scapulae 
are attached to the spines or to the acromial processes. Almost no other muscular abnor- 
malities are found in this condition. 

N ervoiis System 

In the majority of cases, the mentality of the patients was reported as normal; 
neurological and mental lesions were occasionally encountered, however, and a few patients 
were psychotic or feeble-minded. Brain and cord lesions were reported by several authors, 
and included syringomyelia, cysts of the frontal lobe, and inflammator}’ and hemorrhagic 
lesions of the brain. An autopsy of Stewart’s patient showed agenesis of the cingular g}'ri 
and of the left caudate and lenticular nuclei. Autopsy e.xamination of one of the author's 
patients (Case 1) revealed no abnormalities in the brain. 

Pressure by the clavicular fragments on the brachial plexus, with consequent neimo- 
logical symptoms, was reported in at least two cases. In one instance, the symptoms were 
alleviated by removal of the defective bone. 

Miscellaneous Findings 

Hematological findings have been variable. Blood-calcium and blood-phosphatase 
determinations have been, as a rule, within normal limits; blood-phosphorus readings 
have been normal or slightly low. Blood dyscrasias have been reported, but the majority 
of the patients have had normal blood pictures. Basal metabolic readings have usually 
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been normal; a few have been high. Muscular defonnitics of the feet (talipes cavus and 
calcancocavus) and inguinal hcrniac have been reported. Blue sclera was noted in one case. 

General Appearance 

The appearance of most of the patients is strikingly similar; in spite of racial differ- 
ences, tlicrc is almost a family resemblance. The dysoslotic individual is usually small 
of stature and slightly underweight, and when standing tends to accentuate the normal 
anteroposterior curves of the trunk; the head is lield forward and the shoulders droop 
forward and inward. The somewhat overlarge and broad cranium, with prominent bosses 
and depressed median sulcus topi)ing the sniall-featurcd, recessive face and prominent 
underslung jaw, is seen again and again in photographs of cases roj)ortcd from all parts 
of the world. The eyes are widclj’’ spaced and sunken; the base of the short nose is broad 
and flat. 

The neck is usually rather long and slopes toward the shoulders. The upper chest 
lacks the fullness normally present in the clavicular areas. The most characteristic fea- 
ture of the shoulders is their unusual mobility. "iMiilc this is largely duo to the absence 
of the supporting and splinting effect of the clavicles, the sca])ular attachments appear to 
be much looser than those of normal individuals. In many instances, the shoulders can 
be bent forward so that they touch or nearly touch below the chin, and many of the case 
reports contain photographs of patients with the shoulders in this position. 

Apparently the defects in the shoulder girdle are of little or no significance as far as 
function is concerned. No cases were found where i)atients had complained of difficulty 
in using their arms or shoulders, cither in work or in sjmrts. One of the author’s patients 
was a baggagemastcr, who was able to handle heavy trunks and crates without difficulty. 

The hands have a rather striking appearance, because of the unusual length of the 
index fingers and the shortness of the little fingers. The terminal phalanges of all fingers 
are short and the nails curve in both anteroposterior and transverse diameters. 

Clinical Features 

Most of the patients are in fair health. Frequently they have consulted their physi- 
cians because of some unrelated complaint, and the bone anomalies were discovered in the 
course of physical examinations. 



Fig. 1-A 

Case 1. Note wide suture lines with wormian bones, 
underdeveloped facial bones, prognathous mandible, 
and unerupted teeth. 



Fig. 1-B 

Anteroposterior roentgenogram dem- 
onstrates braclwcephalia, open fonta- 
nelles, and malposed unerupted teeth. 

THE JOURNAL OF BONE AND JOINT SURGERY 


MUTATIONAL DYSOSTOSIS 


89 



Fig. 1-C 

Fig. 1-C; Sm.ill right .sternal stulj of clavicle appeals o\er 
the first nb. Left sternal stub is concealed bj- the spine. 

Fig. 1-D; Marked thoracic scoliosis is produced in part by 
a fifth thoracic hemivertebra. 

Fig. 1-E: Heads, necks, and lesser trochanters of femoia 
are underde\ eloped, and the sj'mphysis pubis is wide 



Fig. 1-D 
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As previously staled, ilie most troul)]csomo defects are the dental abnormalities, 
with their attendant complications. If the arches of (he feet ai’c poorly developed, or if 
there are such conditions as genu valgum, coxa vara, or coxa valga (especially if it is 
asymmetrical), difficulties in gait and posture maj’’ be experienced. If the pelvis is con- 
tracted, normal labor may be impossible. If s])inal anomalies are present, especially 
hemivertebrae, spina bifida, or extreme lordosis, kyphosis, or scoliosis, .symptoms referable 
to these abnormalities may appear. Treatment is aimed toward alleviation of symptoms 
produced by the defects. 

CASB IIBPOHTS 


Casc 1. A wliito male widower of old American .sloclc, a K'lired l)a>icaKema‘<ler, .‘^evcrily-two 5’car3 
of ago, was admilLed to the medical ward of the Maiy I'lelcher Ilosjiil.al, liurlington, Vermont, on 
April 10, 1937, in a .''■emicomatose condition. The initient was confused as to time and events, and a 
satisfactoiy medical history could not he obtained. Apicnently he liatl been troubled for .several months 
by palpitation, dizzines.s, dysimoea on slight exertion, and orthopnoea. At the time of admission to the 
Hospital, he was moderately dyspnoeic and cyanotic. I'hc cardiac, apex impul.‘'e was noted in the left 
fifth interspace, ten ccnlimelcr.s from the midstcrnal line, and was heaving in character. The apex rate 
was sixt 3 r-two per minute and the rhythm was irregular. 'J'lie blood prc‘-^urc was MO/100. An electro- 
cardiogram showed evidence of left bundle-branch block. The tentative diagnosis was coronaiy scle- 
rosis with probable occlusion. 

In the course of the pln^sical examination, it was noted that defects were present in both clavicles, 
and that the shoulders were unusuallj' mobile. Narrow bit.s of bone or cartilage, about five centimeters 
in length, were palpable just above and external to the sternum; the remainder of each clavicle was 
missing. Palpation revealed the iircsonce of a firm cord or band between the outer end of each bony 
fragment and the corresponding acromial procc.'^s. 

The cranium was broad, with a depre.ssed fuirow extending ncro«s the I'crtcx from the glabella to 
the lambdoidal suture, and with jirominent frontal, parietal, and occipital bosses. The face was small 
and sunken; the lower jaw was prognathous and contained sc\'oral iiarlialb’' erupted teeth in the incisor 
region. 

The chest was barrel-shaped and there was very little costal movement during respiration. The ab- 
domen was flat and of normal appearance. There was a marked, high thoracic scoliosis and lumbar 
lordosis. The pelvis was tilted sharpl.v fonvard. The thighs and legs were emaciated, and a slight genu 
valgum deformitj'' was present. The fingers on both hands were somewhat misshapen and bent, as if old 
fractures had healed in abnormal positions. 

Within a few^ da 3 '’s, the patient’s clinical condition improved sufficient^’’ to permit a roentgeno- 
graphie examination of the skull, shoulders, chest, spine, and pelvis. The findings included almost all 
of the bone defects noted in other severe cases of mutational d 3 'sostosis. The skull showed marked 
brachycephalism, rvith a cephalic index of 84 degrees, a facial angle of 53 degrees, and a basal angle of 
135 degrees. The suture lines rvere wide and tortuous, enclosing numerous large wormian bones in the 
lambdoidal and parietotemporal sutures. The coronal and metopic suture lines were open and w'ide. 
The facial bones were underdeveloped; defects were present between the malar bones and Z 3 "gomatic 
arches. The mandible was prognathous and contained tivo partiall 3 ’’ erupted permanent teeth. In addi- 
tion, there were a number of incompletely developed, unerupted teeth in both upper and lowmr jaws. 

The fifth thoracic vertebra was a hemivertebra, ivhich produced marked localized scoliosis. In addi- 
tion, there was a long thoracic kyphosis and a lumbosacral lordosis. Fusion defects were present in the 


posterior arches of the upper three thoracic vertebrae and the fifth lumbar I’ertebra; the latter waf 



Fig. 2-A 

Case 2. Man 3 ’^ teeth are deciduous; the perma- 
nent incisors are malposed and poorly developed. 


partially sacralized. The pelvis was tilted 
sharpl 3 '^ forward ; the s 3 ’’mph 3 'sis pubis w'as wide 
and the acetabula were shallow^ 

There ivas marked bilateral coxa vara; the 
femoral heads, necks, and lesser trochanters 
were underdeveloped. The greater trochanters 
ivere unusually large and high. 

Bilateral claidcular defects ivero present. 
The sternal ends were short and narrow; the 
acromial ends ivere short, triangular bones which 
articulated with the outer margins of the acro- 
mial processes. The acromial processes of the 
scapulae w'ere wide and prominent, and the y 
coracoid processes w’ere small. There was ab- 
sence of the supraspinous fossae. 
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Tlio i)onc'' of tlic jiriiT-', forcMims, and \vri‘-ts were normal. Tlic second metacarpals were greatly- 
elongated witli con'-tricicd shaft'-; tlic otlier inctacaipals woic much .'•hortcr. The pro.ximal phalanges 
were wide and sliclitly elongated ; the middle I'halangcs wcic short, with narrow .shafts and e.\panded 
ends: the distal phalange' woie triangidar, with undei developed terminal tufts. 

Blood count.' were normal except for the prc'cnce of slight anaemia and neutrophilic leukocytosis. 
The non-protein nitiogen wa' foity-cight milligrams per 100 cubic centimeters of blood. 

The p.itiont improved slightly for several week', and then developed signs of m 3 ’ocaidiaI weakness 
and died on Ma.v 2, lO.'lT. 

The findings at necropsy were as follows: 

One coronarj’ arterv was' complctel.v occluded b.v scleiods, with infarction of the mj-ocardium; the 
heart r\eighcd 150 grams. 

Exaiiiination of the skull ie\caled the finding' dc'ciibcd. The anterior fontanclle wa= stellate, de- 
pressed. and covered with a thin layer of bone dcined fiom the inner table of the frontal bone; it meas- 
ureil five b_v ten centimeters m diameter. The mastoid fontanellcs were incompleteh' clo=ed. Theie was 
-considerable thickening of the calvarium in the regions of the frontal, parietal, and occipital bosses. 



Fig. 2-B Fig. 2-C 


lig. 2-B: Lateral view of skull demonstrates wide suture lines with wormian bones, open anterior 
fontanelle, prognathous mandible, and multiple deciduous and unerupted permanent teeth. 

Fig. 2-C; Showing the open fontanelle and metopic suture. 



Fig. 2-D 

Showing the sternal stubs of the claxhcles and fusion defects in the upper thoracic spine. 
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Fig. 2-E 
Upper teeth. 


Fig. 2-1' 
Lower tectli. 


The sphenoid and temporal bones were .small and poorh' de\-cIoped; all of the normal foramina 
were irregular in outline, but lliey wore not eon.stiicled. The mastoid jiroers-e.s wore only partiall}' pneu- 
matized, and were compo.sed largely of dense, compact lione. The squamous portions of the temporal 
bones were thick and dense, and faced downward and outward, forming part of tlio base of the cranium. 


Fig. 2-G 

The pelvis is anthropoid in type; the symphysis pubis is wide. 


THE JOURNAL OF BONE AND JOINT SURGERY 






M UTATIONAL DYSOSTOSIS 


93 



'i A ' I 

Fic. 2-H 

The unusual length of the second metacarpal and the absence of tufts on the terminal pha- 
langes are nearly constant findings in this disease. 

The sternal ends of the clavicles were slender, and tapered to rounded lateral points. The right 
measured 5 centimeters in length and 12 centimeters in greatest width; the left measured 5.7 centi- 
meters in length and 1 centimeter in '(\'idth. The mesial ends articulated with the sternum; the tips 
were connected with the acromial processes by fibrous bands. The articular facets on the acromial proc- 
esses were on their lateral margins. The acromial ends of the clavicles were triangular bones, 3.5 centi- 
meters in length and 1.7 centimeters in width across the base. 

The muscles which are normally attached to the inner half of the clavicle the sternomastoid, 
sternohyoid, and subclavius — were attached to the sternal fragment of the clamcle. The subclavius 
muscle was greatlv enlarged and showed additional attachments to the medial side of the base of the 
coracoid process of the scapula and to the fibrous band uniting the clavicular fragment with the acro- 
mial process. 

The oK;a pubes were onl 3 ' partiallj' developed, and dense fibrocartilage was present in the region 
of the greatly widened symphy.sis pubis. The femoral necks were almost completely absent, the heads 
being attached directlj' to the upper shafts. 

Xo developmental abnormalities were noted in the brain or the idscera. In addition to the cardiac 
disease, there was advanced arteriosclerosis with attendant changes throughout the body, and eiddence 
of terminal congestive failure. 

Case 2 (onlj^ child of the patient described in Case 1), a woman, twentj'-sei en jearr of age, nas 
examined in the Out-Patient Department. She stated that she knew verj- little about her father’s fam- 
ily; she was aware of no definite case of the same disease in any other relative. She had noticed that 
she had unusuallj' mobile shoulders, but she did not know that her clavicles were defectii e. She had 
always had difficulties with her teeth; the first dentition did not occur until she was two years old, and 
oalj’ a few permanent teeth had erupted at the time of examination. In other respects her health had 
been good. She had been married at the age of nineteen, and had given birth to a child two jears 
later. Pregnancy and labor had been normal; the latter was of short duration and did not require op- 
erative procedure. 
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Physical examination revealed (he (yihcal facies and characleristics of mnlutional dysostosis. The 
diagnosis was confirmed by roeidgenographic cxamiindion. The craninm was hrachycephalic with a 
cephalic index of S2 degrees, a facial angle of 5S degree.s, and a basal angle of MO degrees. The skull 
showed practicalb'^ all of the abnormalities noted in her father’s. Tliei'c weic mimeroiis nnerupted, par- 
tiallj"^ erupted, and malposed teeth, many of which were carious. 

The eyes were widely sjaiccd, and (he nose was broad and slightly 
recessed. The mandible was slightly ]irogna(hous. 

The neck slojjcd downward to the shoulders, which were nar- 
row and sagging, and faced slightly forward and inward. The 
shoulders were unusual^’ mobile, and could be brought forwarrl 
so that the}’’ near!}’ touched in front. Short sternal ends of the 
clavicles could be easily felt and seen; the right was four centi- 
meters in length and the left was six centimeters. No acromial 
ends could be palpated or visualized by roentgenogram. There 
was no palpable evidence of connecting cords or otlier structures 



Fig. 2-1 Fio. 2-J 

Fig. 2-1: The talus and calcaneus arc small and poorly developed. 

Fig. 2-J : Showing blunting of tips of terminal phalanges of toes. 


between the rudimentary clavicles and scapulae. The scapulae and bones of the upper extremities 
showed abnormalities similar to those noted in her father. The i)aticnt also showed multiple defects in 
fusion of the vertebrae, but no hemivertebrae or other sj)inal deformities were vi.s-ualizcd. 

The pelvis was. small and anthropoid in tj’pe. Large defects were present in the inferior pubic 
rami, with consequent great widening of the symph.vsis pubis. The postero-inferior iliac spines were 
elongated, and the sacro-iliac joints were wide and irregular in outline. There was slight bilateral coxa 
valga ; the tarsal bones were short and the phalanges of the toes showed changes similar to those noted 
in the fingers. 

The patient’s seven-year-old daughter was examined and showed no abnormalities in skeletal, soft 
tissue, or dental development. 




Fig. 3-B 

Fig. 3-A : Case 3. The defects in the clavicles allow 
unusual mobility of the shoulders. 

Fig. 3-B : Most of the deciduous teeth have been 
extracted and only a few permanent teeth have 
erupted. 


Fig. 3-A 
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C\Pt; 3. A corporal, twoiity-'-i\ yoais of ago, rocci\cd multiple sliiapnel wounds of the neck, thorax, 
left hand, and ankle, while .-eiving a*- a paratioopcr in France. After seveial months of hospitalization 
oversea*, he'wa* returned to the United State* with a partially healed compound fracture of the left 
calc.aneus and with healed amiuitation* of the left thumb and several fingers. Upon admission to the 
oversc.is general hospital it had been di=covcied that ho had cleidocranial dysostosis. 



Fig. 3-C Fig. 3-D 


Fig. 3-C: The cranial vault appears unusually large in comparison with the facial bones; wormian 
bones are present in the wide, tortuous sutures. An open mastoid fontanelle is visible. 

Fig. 3-D : Brachycephalia and metopic suture are apparent. 


■< 


The skull was brachycephahe, with a moderately kyphotic base and deep posterior cranial fossa. 
Small ovoid defects were present in the middle of an ununited metopic suture and in the regions of 
the mastoid fontanelles. Numerous wormian bones were present in the lambdoidal suture. The facial 
bones were underdeveloped and recessed. .All of the deciduous. 


and many of the erupted permanent teeth, had been extracted. 
The remaining molar teeth were short and only partially erupted, 
and had a few enamel defects in the crowns Roentgenograms 
demonstrated numerous unerupted and partially developed teeth 
in both upper and lower jaws. 

There was complete absence of the lateral halves of 
the claiicles; the outer ends of the medial fragments were 
slender with rounded tips. Fibrous cords, connecting the 
stumps of clavicles and acromial processes, could be pal- 
pated. The scapulae lacked supraspinous portions but had un- 




Fig. 3-E 


Fig. 3-F 


Fig. 3-E: The sternal stubs of the clancles, fusion defects in tlie upper thoracic vertebrae, and abnor- 
malities in the scapulae are visuahzed. 

Fig. 3-F; The bones of the hand and fingers have an appearance similar to that noted in Fig. 2-H. 
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usually large, wide, and long acromial jm-occspcs. There was cliarnclcrisUc hypermobilily of the shoul- 
ders (Fig. 3-A). 

Fusion defects were present in the posterior arches of the lower (wo cervical vertebrae and of the 
upper three thoracic vertebrae. The fifth lumbar vciiebra was jjarlially .sacralized, with large transverse 



Fig. 3-G 

Showing structural abnormalities in the ilia and ossa pubes. 


1 

I 




Fig. 4-A 

Case 4. Lateral rnew of the skull demon- 
strates large anterior fontanelle and small 
mastoid fontanelle, wormian bones, progna- 
thism, and supernumerary teeth. 


Fig. 4-B 

The slender sternal ends of the claincles are 
faintly visualized. Unusual mobilit 3 " of the 
shoulders allows the scapulae to rotate an- 
tenorl.y. 
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Fig. 5-A 

Case 5. T.arge anterior, posterior, and mastoid 
fontanellcs are visible. 



Fig. 5-B 

Demonstrating the sternal ends of the claid- 
cles and rotation of the scapulae. 


processes articulating with the ilia and sacrum. The ilia were slender with high sloping crests. The 
bodies and rami of the ossa pubes were asj-mmetiical and irregular m outline, and there was slight wid- 
ening of the sj-niphysis pubis. Small acces.-ory bones Mere jiie-ent opposite the postero-mfenor iliac 
spines. 

There was moderate bilateral co\a valga. The femoral and tibial condyles nere underdeveloped, 
the ends of the femora and tibiae being only slightly wider than the metaphyses. 

There was characteristic lengthening of the second and third metacarpals and metatarsals, and of 
the proximal phalanges of the fingers and toes. The terminal phalanges were long and p 3 -ramidal in 
shape, with small terminal tufts. Although the epiphyses of the long and short bones weie fused, nar- 
row zones of bone sclerosis were present at the sites of the epiphj’seal lines. 

The patient was small in stature, but muscular and wiry. He was intelligent and alert, and had 
made an e.xcellent combat soldier. He stated that his parents, grandparents, and sei-eral brothers and 
sisters were normal, and that he knew of no relatives who had abnormalities similar to hia. 

Two cases (Cases 4 and 5) appearing in a brother and sister \iere diagnosed in the 
course of a routine survey of school children, and were contributed through the couitesy 
of Dr. Louis Benson of the Vermont Tuberculosis Association. Inconclusit e data are 
available regarding other members of the familJ^ The father was said to hat e been 
normal in appearance; by a previous marriage he had had two normal children. The 
children’s mother was not examined, but wms reported by the public health nuise to hate 
had facial characteristics and sloping shoulders similar to those noted in the children. 
One other child was said to be normal. 

C.«E 4. This fifteen-year-old girl had a brachycephalic skull. The metopic suture v as ununited and 
the anterior fontanelle was open. Numerous wormian bones were present m the sagittal and lambdoidal 
sutures. There were many supemumeraiy^ unerupted permanent teeth, and most of the deciduous teeth 
still remained. The facial bones were underder eloped, the base of the skull was kyphotic, and the man- 
dible was prognathous. , , , i i i , 

There was a complete central defect m the left claMcle, with underdeveloped sternal and acromial 
stumps. On the right a small sternal stump was present, but no acromial fragment had developed. 
Fusion defects were present in the posterior arches of the first and second thoracic vertebrae. The pel- 
vis was anthropoid in type with slender, irregular ilia. There was absence of the de-wending rami of 
1 the ossa pubes and widening of the s>'inphysis pubis. 

C«E 5. This patient, a boy thirteen years of age. had somewhat similar findings. In addition to 
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Fifi. G-A Fio. 0-U 

Fig. 6-A: Case G. Tlie fingei^ arc .short and Inroad, and the nail.*' .‘■how niofieratc onyciiogiypo'is. 
Fig. 6-B: Cliangos somewliat .'similar to llio'-c noted in tlie fingci.*' arc j)ic.‘-ont in tlic toe^ and toenails. 



Fig. 6-C Fig. G-D 

Fig. 6-C: Cliaracteristic changes are present in the metacarpals and plialanges. 
Fig. 6-D; The right clavicle shows a small medial defect. 


brachycephalia, open sagittal and metopic sutures and anterior fontanclle, the base of the skull was 
unusually kyphotic and the foramen magnum faced forward and only slightly downward. Central 
clavicular defects were present, and there was failure of fusion of the posterior arches of the seventh 
cervical vertebra and the upper six thoracic vertebrae. There w’as complete absence of both ossa pubes, 
but the remainder of the pelvis and the upper femora were of normal appearance. 

Case 6 . A soldier, aged thirty-seven, was returned from overseas to Halloran General Hospital, be- 
cause of impacted and unerupted teeth in the maxillae and mandible, with an infected dentigeious C 3 ’st 
in the mandible. 

The patient was one of seven children; his parents, four sisters, and two brothers were free from 
evidences of dysostosis, as far as he knew\ He had always enjojmd good health, with no complaints 
other than those relating to his teeth. The patient gave rather vague information about dentition, but 
stated that he had always had trouble with his teeth, — that the}" were poorl}" spaced in childhood and 
subject to caries, and that many of them ivere extracted early in life. He believed that only a few 
permanent teeth had ever erupted. 

At the time of enlistment in the Army in 19.37, the patient had eight erupted teeth, — ^six low'ers and 
tw"o uppers. These teeth were extracted in 1942, and he was fitted with dentures, which he has worn 
since. He had no further dental symptoms until June 1945, wdien ser^ere pain in the right lower jaw 
developed. Roentgenographic examination in the dental department of an overseas Army Hospital re- 
vealed fourteen unerupted and poorly developed teeth in the maxillae and ten similar teeth in the man- 
dible. Small cysts were noted about a number of these teeth. In view" of the major dental problem 

involved, the patient w’as evacuated to the United States; examination revealed an infected dentigerous 

cyst, which w"as opened and drained. 
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• Fig. G-E 

Showing brachyccplialia, a metopic fon- 
tanelle. deproscd sagittal suture, and un- 
erupted toetli. 



Fig. 6-F 

Demonstrating wormian bones, prognathism, 
and poorly developed unerupted teeth. 


Physical e.Namination showed .a man, short in stature (sixty-one inches tall), but fairlj'' well devel- 
oped, with evidence of good nourishment. The head was moderately brachycephalic ; facial features 
were slightl3’ recessive, and the mandible was slightlj’ prognathous. There were no erupted teeth, and 
the patient was wearing dentures. 

Xo significant abnormalities were noted in chest, shoulders, or abdomen. The fingers and toes were 
slightly short, especially the terminal phalanges, with a tendency toward clubbing. The nails showed 
a rather marked degree of onj'chogty'POsis- — more prominent in the toes than in the fingers. The nails 
were thickened, lacked luster, and were partlj' separated from the nail beds at the free edges. 

Roentgenograms showed characteristic findings in all bones except the clavicles. There was mod- 
erate depression of the sagittal suture, and an ovoid defect was present in the lambdoidal suture. The 
bones of the face and of the base of the skull were underdeveloped; the mandible was large and prog- 
nathous. Most of the unerupted teeth resembled poorly formed cuspids, and had underdeveloped roots 
and irregular croiras. 

The left clavicle was complete!}' developed and showed no defect. The sternal end of the right clav- 
icle was deficient, the bone ending medially in a rounded point. The scapulae showed slightlj' promi- 
nent supraspinous portions. Each os innominatum was slender and poorlj* developed , there was bilat- 
eral coxa valga. 

The second metacarpals and metatarsals were unusuallj’ long, and the terminal phalanges of fin- 
gers and toes showed underdeveloped terminal tufts. There was an anomalous ununited epiphj’sis at 
the base of the second metatarsal. 


COMMENT 

In reviewing the descriptions of the developmental defects reported in the mass of 
material covered, one is impressed by the multiplicitj' and variabilitj' of lesions found in 
this disease. While certain bones, especially the clavicles and skull bones, have been 
involved in nearly all cases, there have been patients with mutational dxsostosis in which 
these bones have been normal. Rhinehart's patient had normal claxicles, but chaiacteristic 
lesions were pres'^nt in the skull. Fitchet reported defectix e elax'icles in six members of 
one family (three generations) all but one of whom had normal skulls, the one exception, 
the youngest child, had delayed closure of the anterior fontanelle. wide suture lines, and 
a slightly prognathous jaw'. In the author’s Case 6. the patient had a small defect in one 
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clavicle only — and that at the extremity of the hone rather than in (he mid-shaft — while 
characteristic lesions ■were noted elsewhere in (iu; skeleton. 

Therefore, the author agrees wilJi llhineliarl, that (he term "cleidocranial dysosto.sis” 
should be replaced by the more accurate and descriptive term, "nudational dysostosis”, 
and believes that the condition should be considered as one in which any or all of the 
maity different defects may occur. As the condition is (I'aeed through additional genera- 
tions of families, a better understanding sliould l)e reached eoncei'ning the factors of 
heredity wdiich operate in its transmission. 
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ARTHRODESIS OF THE HIP PRODUCED BY INTERNAL FIXATION 

BY JOHN' J. Xir-BAUKU, M.D., AND DON KIXG, M.D., SAX FRAXCISCO, CALIFORXIA 

From the Orlliopncttic Division nj the Dcparlmcnl oj Surgery, 

Slnttjoril L iiirrrsihj Schnn} oj Mcrlicitxc.Snn Francisco 

During t!io jiast twenty-five years, orthopacrlic surgeons have expended much effort 
on tlic prohlcin lu-esented by the elderly patient with painful, disabling arthritis of the 
hip. New surgical operations, such as acetabuloidasty, have been devised; and older oper- 
ations, such as arthroidasty, have iieen modified. Although a gi’cat deal of good work has 
been done, there is still no completely satisfactory answer to the problem. The conven- 
tional method of arthrodesis, necessitating prolonged spica immobilization and inevitably 
resulting in a stiff knee, is not well tolerated by older patients. Furthermore, many pa- 
iicnts who arc not adverse to having an operation will instantly reject the idea of being 
bedridden in a cast for three or four months. A method was therefore sought for stabiliz- 
ing the hip. which, without plaster immobilization, would permit early ambulation. 

In 1935 Burns reported one case in which he had used a tri-flanged nail to fix the 
hip, and four years later he rc]mrtcd twelve more cases which were similarly treated. Six 
of these patients obtained a painless hip; one died of pulmonaiy embolism; one had no 
relief from pain; two suffered subtrochanteric fractures; and two patients had recurrent 
pain when the nail slipped. Watson-,Iones reported “favorable results” in thirteen pa- 
tients with malum coxae senilis treated by arthrodesis. Both of these authors used a tri- 
flanged nail, driven through the head of the femur and into the ilium over a guide wire 
from the subtrochanteric region. The position of the nail was checked b}' anteroposterior 
and lateral roentgenograms. Extrusion of the nail was prevented by a pin which fixed it 
to the lateral femoral cortex. No cast was- applied, and the patients were ambulatorj' in 
ten daj's. No evidence was presented as to whether or not bony ankjdosis developed. 
White operated upon seven hips which he fixed by nailing; two of the patients had an ac- 
tive tuberculous coxitis. Results were reported as encouraging. 

Stimulated by the reports of Burns and of Watson-Jones, the authors performed the 
operation on several fresh cadavera. Fairly firm, immediate fixation could be obtained 
with the nail alone, but both the rigidity and the strength oj the fixation were greatly in- 
creased by inserting a screw through the acetabulum into the head, at right angles to the 
nail. 

The operative procedure described here has now been used a number of times, and 
the present state of the first twenty-four patients treated in this manner is recorded. 

In this series, there were ten women and fourteen men. The youngest was twenty- 
one and the oldest seventy-one years of age; the majority were over fifty years old. Pain 
in the hip, thigh, or knee was the main complaint in all cases, and it was for this, rather 
than for any deformity, that the patients sought treatment. One patient was bedridden 
because of severe pain; others could get about only with the aid of crutches. None could 
Work. Active flexion in the affected hips ranged from 40 degi-ees to 1 or 2 degrees in pa- 
tients with a firm, fibrous ankylosis. Abduction, adduction, and rotation were usually 
impossible. The deformity of the affected extremitj' was usually one of adduction and 
external rotation. Severe adduction in some cases resulted in marked apparent shorten- 
ing. The Trendelenburg test was positive in all cases. In only one patient was hj-per- 
trophic arthritis marked in both hips; in this patient, treatment of the less involved hip 
has not been necessarj\ Aside from their age, all patients were good operative risks. 

Roentgenograms in all cases showed narrowing of the joint space, degenerative cystic 
changes in the sclerotic bone, and hjTiertrophic changes about the acetabulum. Shorten- 
ing of the femoral necks and partial subluxation of the more severely deformed, flattened 
femoral heads existed to varjdng degrees. 

Two of the patients had painful hips, one following a Smith-Petersen acetabuloplasty 
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and the other following a vitalliinn-cu]) nv(hro])las(y. Three patients had traumatic ar- 
thritis. The remaining nineteen patients wei'c diagno.sed as having hypertrophic arthritis 
of the hip. 

OI’KRA'l’lVK TECI I NIQUE 


The patient is jdaced in the supine position, with the hip well toward the edge of the 
tabic. To ensure that the hiji will be arthrode.sed in the desired degree of fle.xion, sand- 
bags arc placed l)cneath the knee, and fixed to the f)perating t.able with adhesive tape be- 
fore the extremity is ]u’cpared and draix'd. 'Phe draping is applied so that the limb is 
free, and so may be manipulated l)y the oi)erator. 

An incision is curved over the anterior half of the iliac crest, and carricfl longitudi- 
nally five inches down the anterioi- surface of the thigh, exposing the iliac crest and sar- 
torius. The latter muscle is detaclied at its origin anrl reflected medially. With a peri- 
osteal elevator, the tensor fasciae latac and the anterior origins of the gluteus minimus 
and the gluteus medius are elevated and re/locted lalcj-ally. T))C tendinous portion of the 
rectus femoris is divided close to the anterior inferioi’ iliac spine, aiifl the muscle is al- 
lowed to retract. The anterior surface of tiic ca])sule of the hijr joint is cx])oscd and in- 
cised transversely. The iliac part of the incision is then packed with s])ongcs to control 
oozing. 

The attachments of the abdominal muscles to the iliac crest arc elevated, and sub- 
periosteal dissection is carried beneath the iliacus muscle to below the arcuate line. Ex- 
posure of the iliac fossa is facilitated, if an operating table is used which can be tilted 
transversely, thus causing the abdominal wall and its contents to fall away from the op- 
erated side of the pelvis. This e.xposcs the internal side of the innominate bone from the 
iliopectineal eminence almost to the sacro-iliac joint. 

The hip is dislocated. The remaining cartilage and fibrous tissue arc chiseled from 
the head of the femur and the acetabulum, and the denuded head of the femur is tlien re- 
placed into the acetabulum. 

Another incision is made through the skin, the fascia lata, and the vastus lateralis, 
exposing three inches of the femur in the subtrochanteric region. AVith a sharp gouge, the 
cortex is opened about one inch below the greater trochantei- to roceive the Smith-Petersen 
nail. Care must be taken not to destroy too much of the cortex, or the stability of the 
nail will be reduced. AA^ith the hip flexed 35 to 50 degrees and in the mid-position (adduc- 
tion-abduction) , the nail is driAmn through the femur and into the thick part of the in- 
nominate bone. An assistant places his hand in the iliac fossa so that it can be determined 
Avhen the nail protrudes through the inner cortex of the pelvis. The exact angle at which 
the nail is inserted depends on the deformity and degree of subluxation of the head of the 
femur. In order to traverse the thick section of the ilium, it must, in most cases, transect 
the anterior superior portion of the femoral head. The femur is then impacted firmly into 
the acetabulum. 

A hole is drilled through the pelvis and into the femoral head from the inner surface 
of the ilium in the region of the anterior inferior iliac spine. A Amenable screw, three and 
one-half inches long, is inserted to prcAmnt rotation of the head. 

At this point the joint should be completely stable. If motion can be demonstrated 
on eAmn vigorous manipulation, the operation will be a failure. 

The fascia over the iliac crest is brought together Avith scAmral interrupted sutures, re- 
inserting the lateral and abdominal muscles, and the skin is closed. No cast is applied. 
A transfusion of 500 cubic centimeters of blood is administered during the operation. 


COMMENTS ON OPERATIVE TECHNIQUE 

It is imperative to use a sharp-pointed nail. A blunt nail penetrates the sclerotic 
ilium Avith difficulty, and may eject the femoral head, along with the nail, out of the 
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acctalnihim. As an added in-eranlion, llie 
head is vigorously iinjiaclod into the deptli 
of the acetabuhnn to assure continuity of 
tlic raw surfaces of the femur and the 
acctal)uluin. Tliis is cs-ential for the de- 
velopment of bony union. 

It is most important that the nail, 
to secure fixation at its distal end, be 
driven through the thick part of the 
ilium which forms the anterior superior 
surface of the acetabulum. The ilium in 
this area is about one inch thick, in con- 
.trast to the few millimeters of bone com- 
posing the medial, central wall of the 
acetabulum (Fig. 1). The nail must be 
inserted into the femur at an angle of 
about 45 degrees, and directed slightly 
anterior. The exact angle depends on 
the amount of deformity and subluxa- 
tion of the femoral head. If the nail is 
directed through the posterior inferior 
quadrant of the femoral head, it will pass 
through the thin portion of the acetabu- 
lum and well below the arcuate line, and 
may pass undetected into the pelvic cavity. 
Likewise, if the nail is inserted into the 
femur at an angle of much less than 45 
degrees, il may strike the ilium too acu 



Fig 1 

Frontal section of hip, demonstrating the course 
of the Smitli-Petersen nail through the femur and 
into tlie thick poition of the pelvis, overlying the 
acetabulum 

dy and sheer off rather than penetrate the 


bone. 


In the authors’ e.xperience, 35 degrees to 50 degrees of flexion is desirable. Less fle.xion 
than this makes it difficult for the patient to sit Although it has been suggested that the 
lumbar lordosis will permit adequate flexion if arthrodesis is performed with the patient's 
leg extended on the operating table, a few patients treated in this manner by the authors 
complained of inability to sit comfortabty. Ko patient had complaints resulting from too 
much flexion. To facilitate placing the hip in adequate flexion, and in the neutral position 
with respect to abduction and adduction, heavy sandbags were placed beneath the knee 
before the limb was draped. Sandbags could not be employed when the hip was fi.xed b}' 
a firm fibrous ankjdosis in partial flexion or marked adduction. Difficulty was encoun- 
tered, especially with obese individuals, in estimating the degree of abduction or adduction. 
No hip was arthrodesed in abduction. A few were placed in adduction, but the shortening 
which resulted was easily taken care of by a lift on the patient’s shoe. 

In the first patients operated upon, a small-gauge screw was used, which fractured in 
one case (Fig. 8) and bent in another (Fig. 9) At present a large vitallium Venable screw, 
three and one-half inches in length, is utilized, which adds greatly to the stability produced 
by the operation. Ideally, the screw penetrates one and one-half inches into iliac bone, 
and extends through the center of the head of the femur (Figs 2, 3-A, and 3-B). 

One fundamental variation in operative technique was tried on two patients who had 
a very firm fibrous ankylosis with a minimal degree of deformity. The hips were fixed 
with a nail and screw, without being dislocated. Several different surgical approaches were 
tried, but the one described proved most satlsfactorJ^ In a few instances extra-articular 
bone grafts secured from the iliac crest were used to ensure the ankylosis. 
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rOSTOPERATIVE CARE 

Most patients withstood the operative procedure well, and they were encouraged to 
move about in bed as soon as possible. They were usually up m a chair on the seventh 
day after operation. By the tenth day they were encouraged to use crutches, and were 
dismissed on crutches usually between the tenth and fourteenth days. If the hip was 
solidly fixed, they could bear full w'cight on the operated leg without pain. None of the 
patients wdio had painful hips when dismissed from the hospital secured a solid ankylosis. 
It is certain that a solid operative fixation was not achieved in these failures. 

An effort wms made to have all patients use crutches for two or three months after 
the operation; however, some patients discarded them earlier. 

DISCUSSION 

Fifteen of twenty-four patients ojierated upon obtaincfl painless, stable hijis (Table I). 

TABLl*: I 

Iti'.sui.Ts or OriatwioN 

Xuinbcr of 
PatiL'iits 

P.'iinicss .«tahlc lii]) 15 

Pain and motion in hip 7 

'Wound infection 1 

Postoiierativc deaths 1 

Seven had motion and pain in their hips after ojicration. There was one postoperative 
death, wdiich was caused by a pulmonary emboJism. One wound infection necessitated 
removal of the nail and screw. The wound hcalcfl tuid a bony ankylosis resulted. 

Three of the seven failures (Table II) were jirobably the result of fracture of the nail 
(Fig. 8). Two of these patients e.xperienccd a sudden sharp pain in the hip after a fall; 
how'ever, the other patient could remember no instance of excessive strain ujion his hip. 



Fig. 2 


Section through ilium and head of femur, demonstrating position of Venable screw. 
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Pain and motion increased gl•adnall3^ Another operation failed because the nail pene- 
trated the pelvis too aciilelj', and sheered ont when the patient moved in bed (Fig. 9). 
Pesorption around the nail allowed motion in the hip in another case (Fig. 10). Aseptic 
necrosis of the remaining femoral head jircvcntcd ankylosis in one patient, who had pre- 
viously been treated by a vitallinm-cuii arthroplasty. In another patient, in whom bony 
ankylosis did not occur because of inadequate fixation at the time of operation, ncci'osis 
of the femoral head eventually developed (Fig. 11). The longest follow-up period was 
four and one-half years; the shoi’test was six months. 


TABLE II 
Cai;m; or FAii.uiti; 

Nmnl)cr of 


Patients 

Broken nail 3 

Nail incorrectly inserted 1 

Resorirtion around nail . . . 1 

A.se])tic nccro.sis of head of femur 1 

MoUon in liip after operation , 1 


Since three of seven failures can lie attributed to fracture of the vitallium nail, this 
factor could perhaps be remedied by the use of a sttiinless-steel nail, which is less brittle. 
Because of similar experiences, AVatson-.Iones em])loys an oversize nail. 

Of the fifteen patients who obtained good results, eight were men and seven were 
women. Two of the women use crutches when outside of the house, because of arthritic 
changes which developed in the other hip. One uses a cane for walking long distances. 
The eight men are working full time as laborers and have no pain in the hip. 

Not all of the patients with satisfactory results have a bony ankydosis demonstrable 
by roentgenogram. The joint space may be discernible in roentgenograms for some time 
after the operation. Figures 5-A, 5-B, and 5-C demonstrate that six months after opera- 
tion the joint space is still visible, but by twenty months bony trabeculae extend across 
the joint space. 

Gross circulatory disturbances in the head of the femur may preclude a bony 
ankylosis, even though the hip is solidly fixed and raw bony" surfaces are in contact. In 
these cases extra-articular grafts, turned down from the ilium to the femoral neck, increase 
the chance of a bony fusion. 


CONCLUSIONS 

The procedure described should bo limited to older patients who have degenerative 
or traumatic arthritis of the hip. Marked aseptic necrosis, and a -wide disparity of 
configuration between the head of the femur and the acetabulum, are definite contra- 
indications. 

A vitallium screw placed through the acetabulum and into the head of the femur adds 
greatly to the stability secured by the Smith-Petersen nail. If there is motion in the hip 
at the end of the operation, this will increase as the patient moves about. To ensure 
complete stability, the nail must penetrate the thick part of the acetabulum. 

This procedure provides immediate hip fixation and allows the patient to be up two 
weeks after operation. 
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VERTICAL 'J'RAC'J'ION IN THE EARLY MANAGEMENT OF 
CERTAIN COMPOUND FRACTURES OF THE FEMUR 


IIV MAJOR RRXJAMIX K. OBLKTZ 
Mrdirnl Cnrpa, Arm}/ of the I'tiilcd Stales 

From the Orthniincilie Section of the Ticenly-Third General Hospital 

The treatment of compound comminuted fractures of tlie femur often requires more 
care for the soft tissues of the tliigh than for the femur itself. The usual position of the 
extremity on the operating table, or on a special orthopaedic table, does not give circum- 
ferential access to the thigh for surgical procedures. Tlie conventional methods of traction 
do not permit ready access to the posterior wounds vhich are so frequently present in the 
thigh. As an aid to operative management and as a temporaiy method of traction for the 
first few weeks after the operation, the vertical “90-90-90 traction” was devised and was 
found to he satisfactory.' Essentially, this method consists of exerting traction on the 
femur while the hip, knee, and ankle arc each flexed at 90 degi’ees. 

In the operating room an overliead frame may be improvised bj' clamping a cross bar 
to two wooden transfusion stands, one at each end of the table. A pullej’- is attached to 
the cross bar directly over the hip of the involved extremitj". A Kirschner wire is inserted 
just above the condyles of the femur, or, if wounds involve the lower thigh, it is inserted 
in the tibial tubercle, and traction is directed over the pulley so that the femur is held at 
right angles to the table. Enough pull is e.xertcd to lift the buttock slightly off the table, 
and the traction cord is fastened to the transfusion stand at the head of the table. The 
proper position of the knee and foot is best obtained by applying a piece of stockinette 
to the leg, splitting it under the heel to prevent its slipping off, and tying the loose end 
to the cross bar above the toes. If skeletal traction is not available or feasible, the position 
of vertical traction can be obtained by a suitable sling under the calf (Fig. 1). 



may be maintained by slings under the leg. 
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Ex])cricnco with over 250 
h.'iKlo fraeturc-s of the femur has 
ju'oved the value of this method 
of (raelion in iJio oj)crative man- 
agement of tlie fracture. The 
great frequency of multiple and 
exlen.sive wounds of the soft tis- 
sues, esiu'cially (‘f)nibincd ante- 
idor and posterior wounds, makes 
it necessary to approach the 
thigh from every direction. Trac- 
tion to the femur with the hip 
fle.vefl at 90 degrees allows e.vccl-^' 
lent circumferential access to the 
thigh, and permits wounds at 
any location to be approached 
with ease. By maintaining a 
steady and uninterrupted pull on 
the femur, this method prevents 
unguarded motion at the frac- 
ture site during the preparation 
and draping of the extremity, 
aiul at the same time corrects the 
overriding of the fracture ends. 

In the initial debridement of 
the soft-tissue wounds, vertical 
traction permits the entire operation to be carried out with the patient on his back. To 
change the patient from the supine to the prone position during the operation, in order to 
explore and debride posterior thigh wounds, requires additional handling of the fractured 
extremity, as well as additional preparation and draping of the thigh. Not only is this 
time-consuming, but further injury to the soft tissues, vessels, and nerves by the fracture 
fragments may result. 

In the reparative management of this fracture in a base hospital, the patient is 
brought to surgery in a spica cast or a Tobruk splint. After anaesthesia has been induced, 
the anterior half of the cast is removed, a Kirschner wire is placed in the distal femur 
or proximal tibia, and the extremity is suspended in 90-90-90 ti'action. The posterior 
half of the cast is then withdrawn, and the thigh can be shaved, washed, and draped 
without risk of displacement of the fracture. 

Despite a careful debridement, there is often an accumulation of blood, tissue debris, 
and even pus in the wound. Provisions for dependent drainage of dead space must be 
made. In the author’s experience, a posterolateral approach to the femur between the 
vastus lateralis and the biceps feinoris is the best incision for this purpose (Fig. 2) , and 
is facilitated by having the femur in vertical traction. It is also a ■\mluable elective 
approach to the fracture site for open reduction and internal fixation of the occasional 
compound fracture which lends itself to this type of surgery. Excellent exposure is 
obtained by this route, and dependent drainage is assured, if the proximal portion of the 
incision is left open for spontaneous closure. Invariably the wound is completely healed 
by the time the fracture is united. 

This method of traction is also employed for the external skeletal fixation of selected 
fractures, using the pins and couplings of the Roger Anderson apparatus. The fracture is 
reduced by 90-90-90 traction before the pins and couplings arc applied. The reduction > 
can often be confirmed by direct vision or palpation, but may be checked by a portable 
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Fig. 2 

Posterolateral approach to the femur between the vii.vliis 
lateralis and biceps feinoris. Mid-tliircl of riglit thigh (after 
Gray). 
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rocntgcnograpliic unit. This method is considcrabl}^ easier than using the special reduc- 
tion machine and a fluoroscopc. The author has found that the patient is more com- 
fortable when external skeletal fixation is used after the fracture has been reduced. Pins 
which arc inserted ])rior to the manipulation pull painfully on the soft tissues dm-ing and 
after the reduction, and tlic fixation apparatus is poorly tolerated. 

As a method of traction on the ward, vertical traction in the 90-90-90 position has a 
limited use in femur fractures which arc compounded by wounds of the posterior thigh. It 
is not intended to take the place of conA-entional methods of traction, utilizing the 
Thomas-Pearson splint. The femur is suspended to the Balkan frame by a weight, suit- 
ably directed over pulleys to maintain the thigh perpendicular to the. bed. Comfortable 
right-angle flexion of the knee is best obtained b\' a standard Pearson knee attachment, 



Position of patient in 90-90-90 traction in bed. 

fastened to the Kirschner wire bow. By a compound pull, a three-pound weight is suf- 
ficient to balance the leg in a position parallel to the bed. The foot is maintained at 90 
degrees by a foot rest, which is added to the Pearson attachment (Fig. 3) . 

Soft-tissue care is most troublesome during the first few weeks of traction, and it is 
for this period that vertical traction offers adA’-antages over the conA-entional methods. 
The method is simple and requires no special apparatus or skill. The patient is com- 
fortable, and may use the bedpan w-ithout distirrhing the alignment of the fracture. 
Dressings can easily be changed, as there is no interference by splint bars or slings. 
IVounds of the posterior thigh are as accessible as anterior wounds, and sutures and drains 
can be remoA-ed A\dth ease. Snug compression dressings can be applied, and changed fre- 
quently, without displacing the fracture. The absence of a splint ring facilitates perineal 
care. Portable roentgenograms can be made in both planes -n-ithout the annoying obstruc- 
tion of opaque splint bars. 

After a few w-eeks of vertical traction, the e.xtremity should be brought down onto 
a conA'entional splint for the remaining period of traction. By this time the soft-tissue 
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wounds should bo healed, if treated by secondary closui'e, or shoidd have superficial granu- 
lations, if allowed to close siiontaneously. Such disabilities as stretching of the fiuadriceps 
tendon or patellar ligament, contracture of t!ie hamstrings, nr fixation of the i)atclia wore 
encountered in several ])atients who were kept in the 1)0-90-90 jmsition for periods of from 
eight to twelve weeks. No such disabilities were observed when this method was used for 
three or four weeks. 


Restoration of length is easy by this method, ajul care must be exercised to prevent 
distraction, esj)ccially in patients with extensive loss of soft tissue or bone. In most 
instances, ten pounds of traction ai-e sulficieni : rarely will more than fifteen pound.? bo 
needed. Less weight is required to reduce fractures in the middle third of the femur than 
those at the trochanters. 


Correct alignment by vertical traction can best be obtainefl in fractures involving 
the proximal third of the femur. Here the short proximal fragment is usually acutely 
flexed by the psoas pull, a position wl\iei\ relaxes the tv(M\hleson\e abductors and external 
rotators of the hip. The 90-90-90 traction has been employed with success in compound 
fractures of the neck of the femur. In fractures of the middle thiial of the shaft, it may 
be difficult to maintain alignment without coaptation splints, especially if there is consid- 
erable muscle destruction with consequent lo.'^s of the internal splinting effect of the intact 
muscle and fascial sleeve. Fractures of the distal third are better treated on the Thomas- 


Poarson splint, with or without combined traction of the tibia and femur. 

Vertical traction, in the 90-90-90 po.^ition, for fractures of the femur should not be 
adopted to the exclusion of the conventional methods of traction; but when used in its 
proper place, it offers advantages in the management of difiicult fracture problems, which 
are not afforded by other methods. 


1. Obletz, B. E.: 90-90-90 Tr.action in Baltic Kraclni-c-- of ibe I'cimir. Med. Bull., Xorlli African The- 
ater of Operations, Aug. 19f4. 



RE^^ECTIOX OF THE CLAVICLE IX VASCULAR SURGERY 


nv coi.ONi:i. Dvxir.L c. i;lkin and captmn' tr^derick w. cooper, jr. 

Medical Cor}!'-, Army oj tin I iiilcd Staler 

Fiom the Vascular Surytiii Ccntci, A--lil‘>id General Hospital, 
ir/ii/c Sulphur Spniif/^. Virginia 

In the apitroach to the great vessels at tlie base of the neck, the clavicle frequently 
prevents adequate exposure and control of the vessels proximal and distal to the vascular 
lesion. The safety of vascular surgery in thi< region flepends largely upon the accuracy 
with which isolation of these structures is accomplished. It has long been recognized that 
the removal of a ]iortion of the clavicle will greath' increase the expostire obtained, but 
the problem of subsequent clavicular repair has led to many variations in wound closure. 
Following subperiosteal removal of the segment, it is a common practice to replace the 
excised bone, using some type of wire or metal for fixation. Deformities, non-union, and 
pain frequently follow such a procedure. 

Forty-eight patients in whom the clavicle has been partially removed have been 
operated upon at Ashford General Hospital for aneuiysm and arteriovenous fistula of 
the subclavian, axillary, carotid, and innominate vessels and their branches. In lesions 
of the base of the neck and the superior mediastinum, resection of the medial half of the 
clavicle, together with its sternal articulation, has been performed in order to increase the 
e.xposure. The subclavian and axillary vessels are approached by resection of only the 
central third of the bone. 

The patients operated upon varied in age from nineteen to thirty-eight years. Thir- 



Fig 1 

Resection of clancle for aneurj’sm of subclavian arterj- and associated mjurj- to the brachial 
plexus. 
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Fio. 2 

Resection of clavicle for subclavian aneury.'^in. 
Appearance of wound ton daj's after ojieration. 
No deformity. 


Fio. 3 

Re.'--eclion of clavicle with extension of the in- 
cision ui)Wiird for arteriovenous aneuiysm of 
the intcrn.al c.arolid jupdar ves.sels. Appear- 
ance three wcek.s after oi)eration. No deformity. 



Fig. 4 

Resection of medial third of clavicle and ex- 
tension of incision ui)ward for excision of in- 
ternal carotid jugular arteriovenous aneurysm. 
Appearance three weeks after operation. No 
deforraitj'. 



F IG. 0 

Resection of clavicle and extcn.sion of incision 
outward and downwaid for excision of a.xillaiy 
arteriovenous aneurysm. Appearance ten days 
after operation. No deformity. 


teen had associated nerve injuries, which were repaired at the same operation. The central 
portion of the clavicle was resected in thirty-four instances and the medial half, including 
the sternal articulation, was resected in fourteen cases. In eleven cases the vascular lesion 
was a false arterial aneurysm, in thirty-five cases it was an arteriovenous communication, 
and in two cases there was constricting scar tissue about the vessel. The vessels involved 
are shown in Table I. 


TABLE I 

Vessicls Involved in Resection oe the Clavicles 



Number of 


Cases 

Innominate 

1 

Subclavian 

22 

Axillary 

14 

Carotid 

5 

Vertebral 

3 

Transverse scapular 

2 

Transverse cervical 

1 

Total 

4S 


TECHNIQUE 

An incision is made over the most prominent portion of the claAocle to be resected 
and, if necessary, is extended along the course of the vessels (Figs. 1, 2, 3, and 4) - Bleed- 
ing is reduced by incising the periosteum on the anterior surface of the bone away from 
the sites of muscular attachment. The periosteum strips freely, but the transverse scapular 
vessels run close to the posterior surface of the clavicle and are easil}^ injured if tli<^ 
riosteum is torn. The clavicle itself frequently forms a portion of the arterial false sac. 
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its removal may be accompanied by profuse bleeding, which must be controlled by digital 
pressure at the site of the opening. The mobilized portion of the bone is then divided with 
a Gigli saw and discarded. If the sternal end is removed, the cartilage should be excised. 
A vertical incision beneath the sternal end will expose the innominate and carotid vessels, 
and the first portion of the subclavian vessel and its branches. A vertical incision through 
the central portion of the clavicular bed will expose the subclavian vessels and the brachial 
plexus. Division of the scalenus anterior muscle facilitates exposure of the first and second 
portions of the subclavian artery. Development of the interval between the pectoralis 
major and deltoid muscles, with the cephalic vein as a landmark and with division of the 
costocoracoid membrane, will greatly increase the exposure, permitting access to the axil- 
lary vessels (Fig. 5). Closure of the wound is effected in layers, repairing the periosteum 
with interrupted fine silk sutures. The excised segment of the clavicle is not replaced. The 
dressing is enforced witli adhesive tape, leaving the arm and forearm free. 

/* 


RESULTS 

There is little postoperative discomfort associated with the procedure, and the patients 
become active without pain within two weeks. There is little external deformity, and less 


asjTumetn’ than in instances in which 
the clavicle is replaced (Figs. 6 and 7). 
Slight shortening is occasionally noted. 
Although the regeneration of bone is slow, 
the area becomes firm within two weeks, 
with the shoulder girdle adequately fixed. 
Palpation of the area is deceptive at this 



Fig. 6 

Resection of inner half of clavicle and portion 
of sternum for innominate arteriovenous aneu- 
O'sm. No deformity. Normal range of motion. 


1 > 



Fig. 7 


Resection of left clavicle for excision of trans- 
verse scapular arteriovenous aneuiysm. Appear- 
ance two months after operation. Superimposed 
pictures show range of motion. 


time, as the absence of the bone cannot be detected. The patient usually returns to nor- 
mal activity within six or eight weeks. There was no appreciable difference in the post- 
operative results in cases in which the articular portion was resected. 

Although the function of the clavicle is generally regarded as that of a fulcrum to 
provide better lateral motion of the arm, its occasional congenital absence is of little if 
any consequence. In many Carnivora, it is normally rudimentary. Surely it does not re- 
generate within two weeks after subperiosteal resection, although within that time the arm 
regains its functional activity. New bone can be palpated within a few weeks, but several 
months will elapse before it can be demonstrated bj-- roentgenogram. 

Note: Resection of the cla^•lele, as discussed in this paper, is concerned only with the ap)iroach to 
blood vessels. In this Hospital it has been emploj;ed in eighteen additional instances in operations upon 
the brachial plexus. In one other patient a portion of the clavicle was resected because of painful union 
of a fracture, with subsequent relief of pain and improvement in function of the arm. 
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TRANSVj^.RSE SACRAT. ROLi:>S ^ 

BY ^riLDHKI) THOTTIOH. I’ll.l).,. AXI) BOHBUT 1). in:\Tlf, M.I).. ST. LOt IS, MI.S.SOURI 
From the Dcjxtrhncnl of Anntomy, Wa'shiiialoii Cniix i.sil j/, roif! SIninrrA /Io^]>il(iI, St. Louis 


Since the introduction of continuous caudal anal}i:a('sia into llic field of obstetrics by 
Edwards and llingson, the tojiogrnjjliy of the saeruiii lia.s nwrUvd attention. In recent 
studies of the anatomical features and structural variations of the sacrum by Trotter and 
Letterman, ten sacra were encountered which presented bony configurations on the dorsal 
(or posterior) .surface simulating a tran.sver.s-e fold, lies! marked within the limits of the 
articular sacral crests, and involving the sacral grooves and median crest. 

Tliis paper lias as its purpose a detailed fle.scription and pictorial ])rc&entation of 
this variation, together with some comments upon its race, se.v, and age incidence, accom- 
panying skeletal changes, possible etiological factors, and ))robablc clinical significance. 

The original observations were made on 1.227 .sacra, of which .553 were male and 674 
were female. Of the bones studied, SSI form a part of the Terry Anatomical Collection, 
Washington University, and 34G are a part of the Todd Anatomical Collection, Western 
Reserve University. The jrrejraration and methods of documentation of the.se collections 
were described by Cobb and by Terry, in 1932. 

The following anatomical description of the dorsal surface of the typical sacrum was 
made by Terry in 1942; "The dorsal surface ( facies dorsalis] is strongly convc.v and rough, 
giving origin to the powerful sacrospinalus muscle. The midline is occupied by the median 
sacral crest [crista sacralis media] rc})re.senling the soniewliat suppressed cranial four 
spinous processes. Of these the first is the largest, the second and third may be confluent, 
and the fourth is rudimentary. The bone on each side of the median sacral crest is slightly 
hollowed and is formed by the united laminae. . . . Lateral to the median sacral crest are 
the paired articular sacral crests [cristae sacralcs articularcs] representing the articular 
processes of the movable vertebrae. . . . Immediately lateral to the articular processes 

arc the posterior sacral foramina [fora- 



Fig. 1 

W U., No. 686. White ferri.ale, seventy-eight 5 '-eais 
of ago. Dorsal view of a t 3 mtcal sacuim. 


mina sacralia posteriora] (f. s. dorsalia 
INA), four on each side; smaller than the 
anterior foramina, they give exit to the 
liostcrior primary'- divisions of the first four 
sacral ncr-\'cs and branches of the lateral 
sacral arteries. . . .” 

The sacra which present the trans- 
verse folds are described individually, 
and the condition of each skeleton as a 
whole is noted. For comparison, the dor- 
sum of a typical sacrum may be seen in 
Figure 1. 

Skeleton TF. V., No. 4S0, w.as of a nhite 
female, aged seven tj--seven j’-eais. The sac- 
iiiin presented a deep transveise fold at the 
level of the union of the laminae of the second 
and thud segments (Fig. 2-A) The fold appe.aied 
as though the upper or cephalic portion of the 
dorsum of the bone had telescoped into the lower 
poition. It was sufficientlj' deep and depressed 
to have conipletelj' obliteiated the lumen of the 
sacral canal at this level. The second pair of pos- 
terior foiamina weie markedb' i educed m size 


* Aided by a grant fiom the United States Public Health Service. 
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Fig. 2-A Fig. 2-B 

Fig. 2-A: IV. U.. No. 4S0 Doi>al view. Fig. 2-B: Oblique %-iow of ventral surface. 


and showed ven.’ irregular circumferences. The tuberosities of the bone were “wrinkled” and presented 
unusually deep depressions, or fossae. The ventral surface of this sacrum had a sudden concaidty for- 
ward. beginning at the union of the bodies of the second and third vertebrae (Fig. 2-B). Among the 
movable vertebrae, marked reduction of the anterior vertical height of the bodies, accompanied by 
cupping of the superior and inferior surfaces, characterized the sixth, eighth, and twelfth thoracic verte- 
brae; cupping was also present in the third and fifth lumbar vertebrae. The skeleton in general was 
somewhat demineralized and porous in texture. 

Skeleton IF. U., .Vo. 9.97, was of a white female, aged eighty-eight years. The fold on the dorsum 
of this sacrum (Fig. 3-.A.) was at the level of union of the second and third segments, but was much less 
marked than that of No. 480. It might be described as a transverse sulcus. The second posterior sacral 
foramina were somewhat reduced; their circumferences were smooth. The ventral surface of the first 
sacral vertebra and the lateral ma.^s of the second sacral vertebra presented depressions in the sagittal 
plane (Fig. 3-B). Beginning at the level of the fourth thoracic vertebra, the remaining thoracic vertebrae 
and the lumbar vertebrae all showed diminution in the vertical height of the bodies, accompanied by 
cupping of both the superior and inferior surfaces. Both conditions were extreme in the seventh, eighth, 

and eleventh thoracic vertebrae, and in the third and 
fifth lumbar vertebrae. (The tenth thoracic and 
the first lumbar vertebrae were missing.) The cen- 
trum of the eighth thoracic vertebra presented a fold 
m the anterior and lateral parts of its circumference, 
lying in a transverse plane. There was an unhealed 
fracture of the neck of the left femur. The entire 
skeleton was exceedingly porous and demineral- 
ized. 


Fig. 3-B 

Fig. 3-B: Ventral surface of first two .segments. 
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Fig. 3-A 

Pig. 3-A: W. U., No. 997. Dorsal view. 




122 


M. TKOTTBR AND D. HEATH 



Fig. 4 Fig. 5 

^y. U., No. 1370. Dorsal view. ]{. U., No. Mol. Dor.-al view. 


Skeleton IF. U., No. 1310, wa*; of a while female, eighty year.s of age. The fold on the (lor.sum o 
this sacrum was found at (he level of union of the laminae of the third and fourth vertebrae (Fig. 4) 
The third pair of posterior foramina were reduced in size; the right one wn.s almost obliterated. Tiit 
tuberosities showed “wrinkling”, and the bone as a whole wa.« very flat. The cervical and thoracic 
segments of this column, between the levels of the third cervical and the .‘•cventh thoracic vertebrae 
presented lipping of the bodies (this has been de.'cribcd by Ilrdlicka as one of the natural processes ol 
old age); the third and fourth cervical vertebrae were fu.''ed. ns were also the fourth and fifth thoracic 
vertebrae. The left hij) bone .showed evidence of a healed fracture at ajrproximatcly the mid-region ol 
the inferior ramus of the ischium. Except for the skull, the skeleton was cinder-like in texture. 

Skeleton W. R. U., No. l.'tSl, was of a white female, seventy-five years of age. Two transveise foldc 
were seen in the .sacrum (Fig. 5). One lay at the level of union of the Inminnc of the second and thiic 
vertebrae; the second, which was more of a sulcus than a fold, occurred between the fourth and fiftl: 
sacral vertebrae. The second and fourth ]iairs of posterior sacral foramina were markedly reduced in 
size. The bone was veiy flat; the donsal surface was actually concave forward at the level of the uppei 
fold. The seventh cervical vertebra jiresonted .slight lipijing. The last four thoracic vertebrae and all ol 
the lumbar vertebrae showed compression of the vertical diameters of the bodies; the lumbar segment 



Fig. 6 Fig. 7 

W. U., No. 1496R. Dorsal view. W. R. U., No. 1753. Dorsal view. 
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Fig. S 

IV. R U.. No. 1754. Doi-al \ic«. 



Fig. 9 

IV. R. U , Xo 2606. Dorsal \aew 


presented lipping, also. Tliere was an unmcndcd fracture of the neck of the left femur. The skeleton was 

eNceedmgly demineialized. ™ i r 

Shclclon W. U., Xo. l',06R, was of a white female, aged si\ty-mne years. The dorsum of tlie sacmm 
presented a slight fold at a le\el between the laminae of the second and third segments (Fig. 6). Ihis 
fold had the form of having had the upper part of the bone telescoped over the lower part The second 
pair of foramina ■s\ere reduced m size. The first coccygeal %eitebra had become sacra . le cer\'ma 
spine showed lipping. The seventh, ninth, eleventh, and twelth thoracic vertebrae, and the fir:.t lumbar 
vertebra, showed maiked i eduction in general thickness of the bodies, together with an even greater 
diminution of the anterior heights. These bones also presented cupping on the supent^ an m erior 
surfaces of the centia. The cupped condition could be seen in each of the lumbar vertebrae The left 
femur showed an unhealed fracture of tlie neck (with a Smitli-Petersen nail maintaining the two frag- 
ments in place), and a second unhealed fracture at the le\el of the junction of the ^^t and second 
fourths of the shaft. The left hip bone presented a healed fracture at the junction of the body of the 
pubis with its inferior ramus The skeleton, including the skull, was extremely light and demineralized. 



Fig 10 

IV. R. U , Xo 2773 Dorsal i lew. 
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Fig. 11 

W. R. U., Xo. 3099. Dorsal idew. 
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Skelclnn IT. /?. U., No. IJoS, was of !i wliito foinale, oifilily yrars of ago. Tlic sacniin liad a lians- 
vcr.-o fold bclAVccn flic union of llic .socoiul and (liird laniiiiao (Fig. 7). Tlio .‘jccoiuI posterior sacral 
foramina wore rodnoed in .‘-•izo. There wa.s an ovoid aperture on the right side, indicating a deficiency in 
the union of the first and .second lauiinm'. The cervic.'d verli-lavie showt'd tiiarhefl lijijiing; thi.s condition 
was slight in the thoracic region, e.vccpt for the tenth and eleventh vertebrae, which wore fused. Lipping 
was also slight in the lumbar region, but the bodio.s of the vertebrae of thi.s segment wore comprc.'-'cd, 
and there was cuiijiing of the .suiierior surfacc.s of the .second, third, and fourth vertebrae. The skeleton 
was greatly demineralized, and had the cinder-like texture found in old ago. 

Skeleton W. R. U., rVo. wa.s of a white female, eighty year.s of age. The .sacrum wa.s in poor 
condition; the right joint area and adjoining bone h.ad been broken off and lo.st. I’robnbl}' the fmgile 
texture contributed to thi.s accident during the skeletonization proce.ss. IIowe\’er, a .sulcus was prc.sentat 
the JcA’el of the second laniimie (Fig. S). The second foramina, rspccinlly the one on the left, were 
reduced in size. The bone wa.s markedly concave forward on its ventr.al surface. The movable vertebrae 
showed nothing of interc.st. The neck of the left femur h.ad an uninended fracture. In general, the 
skeleton was fragile and demineralized. 

Skeleton IF. N. 11., No. was of a while fem.ale, aged eighty years. The sacrum was compo.sed 
of six segments, of which the first showed rather well-marked lumbar characteristics. The fold, which 
appeared slight^' above the level of union of the second and third pairs of laminae, wa.s accompanied 
by constricted foramina (Fig. 9). The fourth, fifth, and sixth cervical vertebrae had slight lipping, .and 
the anterior margins of the bodies were somewhat comjirc.s.'-cd. The skeleton was extremely light and 
demineralized. 

Skeleton W. R. U., No. 277.i. was of a negro female, sixty-four years of age. The first coccygeal 
segment was fused to the sacrum. A transvor.se fold was present at a slightly higher level than the union 
of the second and third laminae (Fig. 10). The secoml posterior for.amen on the left was reduced and 
the right one appeared to be enlarged; howe\-or, cIo.se in.spcclion rcr’c.'ded that the margins had been 
broken away. The tuberositie.s were very much wrinkled. On the anterior surface, transverse furrows or 
sulci were present at the point of union of the iater.'d i)arl.s of the first and second \-ei’fcbrae, — the ir'anl 
site of broad grooves occupied by the anterior primary divisions of the fiist .‘-acral nerves. The sixth to 
the twelfth thoracic vertebrae .showed marked anterior lipping; the seventh, eighth, ninth, and tenth 
vertebrae were complete!}’ fused. The fourth and fifth lumbar vertebine were fused by ossification of 
the ligamenta flava. There was evidence of .anterior lipping on the fifth lumbar vertebra. The left 
humerus had been broken in the upper third of its .shaft. In general, the skeleton was greatl.v demin- 
eralized, rarefied, and cinder-like in texture. 

Skeleton W. R. U., No. S099, was of a white female, forty-two .vears of age. The sacrum was com- 
posed of six segments, the first of which was the fifth lumbar vertebra. A fold was present at the union 
between the laminae of the first and second sacral verlcbrnc (Fig. 11). The first posterior sacral foramin.i 
w’ere diminished. The tuberosities presented wrinkling. No unu.sual features were noted in the mov.able 
vertebrae. The skeleton was exceedingly light, demineralized, and cinder-like in texture. 

COMMENT 

The ten specimens which showed transverse sacral folds were all found in female 
skeletons. Of the 1,227 sacra studied, 553 were male. Thus, among the female sacra, 1.5 
per cent, showed the condition; the occurrence was 3.9 per cent, in 233 white females and 
0.2 per cent, in 440 negro females. It is therefore possible that race may be a significant 
factor. Age also plays an important part since, with one exception (W. R. V., No. 3099, 
aged forty-two), all specimens were from individuals sixty-four j’-ears of age or older. 
In the series examined by Trotter and Lanier, the ages ranged from fourteen through 
101 years, with a fairly even distribution from the third through the eighth decades. 
There were 194 females who were sixty years of age or older, and 4.6 per cent, of this 
group presented a transverse fold. 

Willis found congenital variations to be quite common in the lumbar and sacral 
regions of the vertebral column. The fact that all the folds occurred at or near the site of 
union of two contiguous vertebrae suggests that the folds may be congenital and result 
from an anomalous development of the segments. On the other hand, the faet that none 
of the folds were found in a young specimen is equally suggestive that the condition may 
develop during life. In an effort to find transverse folds in children, 200 roentgenograms 
of children up to fifteen years of age were examined. They are in the files at Shrmers 
Hospital, St. Louis, and include a large number which show congenital variations. At the 
Mallinckrodt Institute of Radiology, 125 roentgenograms of adult sacra were also exam- 
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inccl. Tlicse included cxnniplos of spina bifida, malignancy, arthritis, and fracture, as 
well as normal sacra. Nothing resembling a transverse fold was found. No roentgenograms 
of healed sacral fractures were examined, however; only fresh fractures were included in 
this series. 

Osteoporosis has been shown to be a constant finding in the skeletons described. 
Black, Ghormley, and Cainji, in a comprehensive article on senile osteoporosis of the 
spinal ct)lunin, called attention to the fact that the condition is seen approximately four 
times as often in women as in men. As ostcojiorosis progresses, the bon}'^ trabeculae de- 
crease in number and they are no longer able to support the weight of the body; the 
vertebral bodies react to this by collajise, and fractures are common. In several of the 
specimens described in this report the transverse fold could be seen to continue laterallj’^ 
as a line, and on the anterior aspect it included the area lateral to the sacral foramina. 
^However, the median area of the anterior aspect showed no defect. These folds might 
conceivably represent a buckle type of fracture, occurring in a bone pre's'iouslj’’ weakened 
by ostcoi)orosis. 

Regardless of the ctiologj', it is possible that these defects maj' be clinically signifi- 
cant. Sarpyener has shown that sensory and motor changes can arise from congenital 
narrowing of the vertebral canal. It has also been stated by Bonnin that, following sacral 
fractures, compression of nerves exiting through the anterior sacral foramina maj^ produce 
vaiying degrees of paralysis of the lower extremities. The foramina involved in these 
cases, however, are the posterior sacral foramina, through which pass the posterior primarj' 
divisions of the spinal nerves concerned. These nerves contain motor components which 
supply the lower autochthonous muscles of the back, and sensorj’’ components which, as 
the medial elunical nerves, supply the skin over the gluteal region. Following compression 
of these nerves, one might expect consequent sensory changes and slight atrophy of the 
muscles supplied. The muscle atrophj% however, would be so slight as to be unrecognized, 
and the sensorj- changes would verj' likely be obscured by the sj^mptoms produced by 
the hypertrophic arthritis and osteoporosis present in these individuals. Case records of 
four of the individuals from whom these specimens came were available, but thej’- were 
veiA' brief and contributed no pertinent information. 

Note; The authors wish to express their appreciation to Xormand L. Hoerr, M.D., Professor of 
Anatomy, Western Reserve University, for the privilege of stud>nng the Todd Anatomical Collection; 
and to Sherwood Moore, M.D., Director of the Mallinckrodt Institute of Radiologj^ for the primlege 
of studjdng the roentgenograms of adult sacra. 
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SPASTIC FLAT-FOOT 

BY PAUL W. LAPIDUS, M.D., NEW YORK, N. Y. 

Although the painful condition of the foot, usuallj^ diagnosed as “spastic flat-foot”, 
“rigid flat-foot”, “contracted flat-foot”, or "spasmodic flat-foot”, represents a definite clin- 
ical entity with sharply defined characteristics, most of the textbooks fail to give a clear 
description of its symptoms, ctiologj’’, and treatment. 


REVIEW OF THE LITERATURE 


Most investigators seem to believe that this condition is a form or a phase of flat-foot, 
which became irritated and inflamed as a result of faulty mechanics. 

This view was expressed as earl)'’ as 1883 by Lorenz, who considered “spastic flat- 
foot” the result of an instinctive, reflex fixation of the irritated, inflamed flat foot in the 
position in which it is the least painful. Lorenz quoted Roser, who compared the spastic 
flat foot with fixation of the femur in coxitis. Mot cvciy flat foot, according to Lorenz, de- 
velops to the phase of “contracted flat-foot”. The irritative, inflammatory process not only 
occurs in the joints, but it must be assumed that traumatic periosteal irritation is also 
produced. Lorenz was convinced that a flat foot can never be converted into a well- 
arched foot; and it is even less possible to re-establish a normal shape in an old flat foot. 
His method of handling this condition was mainly jircvcntivc, being instituted before the 
flat foot became a spastic flat foot {contracten Plattfuss). Lorenz noted that the foot of 
the newborn child is always flat, and the arch develops with growth. 

The author’s experience has led him to the conclusion, advanced by Lorenz in 1883: 
“Flat-foot, therefore, may be looked upon as a result of absence of this process of groMh 
and is due to arrest of its development”. 

Jones and Lovett, discussing flat-foot, state: “Peroneal spasm, as a rule, accompa- 
nies the more severe cases. The peroneal tendons will be found contracted and standing 
out under the skin, the foot is abducted and everted, and attemjited correction is painful 
along the course of the peroneal muscles. . . . Spasm of the extensor- digitorum is some- 
times found in addition to that of the peronei.” These investigators recommend peroneal 
tenotomy (devised by Jones), and “an alternative method of eliminating the spasm is to 
crush the musculo-cutaneous nerve” 

Whitman does not describe this condition as a separate ailment. He writes: “Limi- 
tation of motion is caused by the changes in structure in accommodation to functional 
use. These are first evident in muscles, then in the ligaments, and, finally'-, in the articulai’ 
surfaces of the bones. Added to this underlying limitation of motion there is usually a 
certain degree of muscular spasm, which varies in grade with the local congestion, irrita- 
tion, and inflammation of the joints and tissues.” 

Whitman defines the extreme deformity of rigid weak foot as one “in which the sy'^mp- 
toms are disabling and in -^'liich the foot is fixed in the deformed position by muscular 
spasm and by secondary changes in the structure”. He recommends forcible overcorrec- 
tion of the deformity under anaesthesia and immobilization in a plaster cast, followed by 
physiotherapy and daily passive manipulations. He states: “Occasionally also in resist- 
ant cases division of the peroneal tendons may be advisable.” 

Dickson and Diveley, discussing the pathology of flat-foot, are no more explicit m 


describing their observations. They -write: “If the causes responsible for pes planus con- 
tinue active over a long period of time, prolonged irritation of the ligaments and joints of 
the foot may result in proliferative changes in these ligaments and joints, particularly if 
an arthritic diathesis is present. Whether a true arthritis develops or the changes in the 
foot joints are merely those of chronic irritation, the range of motion in these joints is in- 
duced or even lost, and the foot becomes fixed in the position of deformity and a rigic 


* Origincal manuscript received for publication. November 9, 1944. 
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pcs planus results. With the foot fixed rigidly in pronation and eversion, the peroneal 
muscles contract and shorten, and so contribute to the rigidity of the foot, and provide an 
additional check to joint movement. . . .” “In the rigid t5'pe of flatfoot, the tendons of 
the peroneus longus and brevis will be short and contracted, the lateral mobility of the 
foot will be seriously limited, and it will be impossible to bring the foot into a position of 
correction.” 

The treatment recommended bj' Dickson and Diveley for rigid flat-foot is exactly the 
same as advised by Whitman: manipulation under anaesthesia, immobilization in a plas- 
ter cast, physiotherapy, and passive manipulations. “At times the peroneal tendon and 
the tendo achillis are so contracted that it is necessarj’- to lengthen these structures by 
operation before complete, correction of the valgus position of the foot is possible.” 

Lewin, discussing the pathological anatomy of the pronated foot, states: “The pero- 
neal tendons are contracted because thej’’ are allowed to shorten.” The following method 
^*■01 treatment, attributed to Freiberg, is outlined: In cases of spasm of mild degree, ad- 
hesive strapping is used and “should be continued until it is possible to bring the foot 
into supination”. This is supplemented with “injection of a few drops of a 5 per cent novo- 
cain solution into the astragalo-navicular joint”. “For cases in which peroneal spasm is 
too rigid to yield to these simpler methods”, resection of peroneal tendons “with subcuta- 
neous division of the tendon of the extensor communis digitorum muscles” is advised. “In 
cases of rigid flat-foot, forcible manipulation under anesthesia and the application of a cor- 
rective plaster cast are of great value. Occasionally, the peroneal tendons must be resected.” 

Weil does not agree with the prevailing conception of the reflex origin of muscle 
spasm in contracted flat-foot, caused bj’- irritation of the subtalar joint subsequent to ab- 
normal position of the bones. In two of his cases, he attempted to freeze the peroneal 
and tibial nerves above the ankle after these nerves had already given off their motor 
branches to the leg muscles, thus interrupting chiefly the sensory branches to the ankle 
and foot joints. The muscle contraction disappeared during the operation while the pa- 
tients were under anaesthesia, but the painful spastic flat-foot recurred after the opera- 
tion in both cases. Hence came Weil’s theory of “proprioceptive reflex”, which he be- 
lieves is caused by changes in the muscles themselves, but not from irritated foot joints. 
Weil’s two cases are not at all comdncing. He does admit in his conclusion that the 
whole problem is not clear, since only a few patients with flat-foot ever develop spastic 
flat-foot. Likewise, it is not clear to him why spasm does not occur also in pes varus. The 
latter question seems to be an important one and will be discussed later. 

Haberler and Winkler also refuse to accept the theory of formation of spastic flat- 
foot from a flaccid flat foot as a result of faulty mechanics, caused by inward and down- 
ward displacement of the talus against the calcaneus, the thrust of the talar head produc- 
ing strain of the medial ligaments and irritation of the talonavicular joint, which in its 
turn induces a cramplike reflex muscle spasm. They quote Lorenz’s attempt to prove 
experimentally the theory of reflex spasticity by relieving the muscle spasm, after inject- 
ing novocaine into the talonavicular joint in cases of spastic flat-foot. This has been 
looked upon as interruption of the reflex arc. 

According to Haberler and Winkler, this theory of reflex spastic flat-foot has been 
almost unanimously accepted, although Amrious locations of the irritation causing the 
spasm have been considered by different VTiters. 

Payr claimed the irritation to be mainly of the posterior chamber of the subtalar 
joint; Hoff a localized it in the talonavicular ligament, while Hohmann and also Port held 
that the irritation of the sjmovial lining and of the periosteum of the Chopart joint was 
responsible for the initiation of the reflex chain leading to the spasm. 

Haberler and Winkler bring out the point that the spasticity occurs almost exclu- 
sively in the pronators (chiefly the peroneal muscles!. They assume that the medial 
structures of the talonavicular joint must be the ones that are mainly irritated by the 
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medial and doAvnward thrust of the talar head in a flat foot. Consequently, they would 
ex])cct the su])inators of the foot to become sj)astic and not the pronators. Therefore 
they eannot agree with the reflex origin of the muscle spasm in spastic flat-foot. In 2f 
per cent, of their cases, Haberler and Winkler found evidence of psychic and somatic 
“degenerative changes” with signs of disturbance of the pyramidal tract. Hyperflexioii 
was almost always noted in their patients, and out of a total of forty-two cases of idio- 
pathic spastic flat-foof., positive Babinsld reflex or Oppenheim’s sign was obtained in ten 
cases. liabcrlcr and AVinkler conclude that spastic flat-foot only rarely occurs from 
flaccid flat-foot, and explain the origin of the “idiopathic muscle-bound flat foot” as a 
lesion of the central nervous s.ystem. 

Although the work of these investigators gives the impression of being quite thorough 
and complete, their neurogenic tlieory seems to be too artificial and speculative, and has 
not been corroborated by other observers. 

Little can be found on the subject in Hohinann’s book on the foot. He devotes no 
separate discussion to spastic flat-foot and essentiallj’- agrees with the accepted theory of 
causation of the contracted flat foot. He brings out the fact that the tibialis anterior may 
become converted from a supinator into a pronator of the foot, as the result of marked 
abduction of the forefoot in flat feet (Fig. 3-A) . In such cases the tibialis anterior and 
the peronei may be found spastically contracted, and maj’’ cause a dorsiflexion contracture 
of the foot combined with valgus. liohmann advises against forceful manipulations in 
rigid flat-foot and considers interruption of the peroneal nerve an irrational procedure, 
since “the cause of the pronator’s spasm lies not in the muscles themselves, but in the 
process of deformation of the flat foot”. 

Malkin defines spasmodic flat-foot as “a condition in which the foot, ■without evidence 
of a bony lesion, is held in a valgus position by spasm of the peronei”. 

According to Fick, the invertors of the normal foot ai'e stronger than the evertors. 
Therefore, if there were any lesion of the subtalar or midtarsal joint, the foot must be 
expected to assume an inverted (varus) position as a result of a protective spasm of all 
its muscles. 

Testing the relative strength of the invertors and evertors, Malkin found that in a 
group of patients undergoing treatment for flat-foot, the above normal relation was re- 
versed, the evertors becoming stronger. Therefore, Malkin concludes that in flat-foot the 
invertors become relatively weaker and, if “there were a lesion of the subastragaloid and 
midtarsal joints, protective spasm might be expected to hold the feet not in inversion, but 
in eversion”. 

In a discussion of Malkin’s paper, Brockman reported disappointing results in his 
cases, and pointed out that: “In those in wdiich the peronei had been divided, no perma- 
nent benefit resulted compared with the others.” 

Trethowan, also discussing Malkin’s paper, stressed the view that “spasmodic flat- 
foot had nothing really to do with flat-foot”. He blamed infectious astragaloscaphoid and 
subastragaloid arthritis for causing spastic flat-foot, and called it “tonsil flat-foot”. Ex- 
cept for early cases, he considered the condition incurable. He abandoned manipulations 
and used only rest and support for the feet. 

Todd, in a very frank paper, said: . . the most I can hope to do is to give a concise 
summary of the present state of our ignorance”. After reviewing the literature on the 
subject, the writer shares entirely Todd’s disappointment, which he expressed as follows^: 
“Not much is to be gained by a perusal of recent surgical literature on this subject. 
The textbooks “merely present a vague unhelpful description of what they call 'rigi^ 

flat-foot’ ”. , 

Likewise, Todd’s dissatisfaction with the present-day methods of treatment so clean) 
voices the author’s feelings that it is best given verbatim: “In acute spasmodic valgiis, . 
therefore, we must not treat the spasm only: that is not the disease, but the result of the 
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disease. For that reason I regard tenotomj' and excision of the peroneal tendons as being 
based on an entire misconception. And everyone knows that, as a matter of fact, these 
operations are often unsuccessful, and prone to be followed by reappearance of the pain 
and deformity. Seeing that the primary cause of the condition has been left unaffected, 
this is not surprising. Paralysing the peroneal nerve or its musculo-cutaneous division 
with novocain or alcohol, or crushing it or freezing it, abolishes the spasm for a time but 
does not remove its cause.” 

Todd believes that treatment by manipulations and immobilization in varus is not 
rational and should not be used. He discusses the possibility of eversion of the foot as 
being the position “of rest or relaxation, in which the joint surfaces on the inner border of 
the foot are held apart and the joints themselves are in their position of greatest capacity”. 
Therefore, he prefers to immobilize the foot without correction of valgus, which might be 
^physiological in this ailment. 

y * — ^ . 

Thus the reflex origin of spastic flat-foot has been recognized for more than half a cen- 
tuiy, and has been described in all recent textbooks. However, no clear understanding of 
the exact location and the mechanics of the irritating moment has as yet been reached, as 
can be judged from the variable interpretations of the origin of the irritation, given by 
different investigators. In spite of this rather unsettled state in regard to the etiologj^ of 
the condition, most of the therapeutic procedm-es seem to be quite uniformly aimed at 
interruption of the reflex arc. Manipulations under anaesthesia and immobilization in a 
plaster cast with correction of the valgus deformity, followed by repeated manipulations 
and physiotherapy, still remain the up-to-date standard methods of conservative treatment. 

Resection of peroneal tendons®, intramuscular infiltration of peroneal muscles with 
novocaine, or induction of peroneal nerve palsy bj’- freezing the nerve, intraneural injections 
of novocaine or alcohol, operative crushing of the nerve^', or by means of a special brace 
; causing pressure and crushing of the peroneal nerve’® have been advocated as more radical 
procedures by different writers. However, those who followed their cases long enough and 
^ well enough had to admit not only their frequent failures to relieve the original ailment, 
~ but also the harmful complications occasionally produced by too radical and not quite 
sound surgerj' (for instance, the production of a lasting peroneal paralysis in one of 
Lilienfeld’s cases) . 

Summarizing our review of the literature, we note that there are certain clinical 
featmes which have been agreed upon by all writers on this subject, while other charac- 
teristics of the spastic flat-foot have been described only by a few and were variably 
interpreted by them. 

The following clinical features of the so-called spastic flat-foot are unanimously 
accepted by all observers: 

1- It is a painful condition of the foot and ankle, associated with spasm always 
limited to the pronators (evertors) group. Chiefly the peroneal muscles, sometimes the 
I long extensor of the toes, occasionally also the anterior tibial muscles are contracted, all 
acting as pronators. 

V 2. Trauma or occupational strain seems to be recorded in an appreciable number of 
cases. 

3. The onset of the condition has been noted most frequentty during adolescence. 

4. Only a relatively small percentage of cases of spastic flat-foot were noted, in pro- 
portion to the very much larger number of flaccid flat feet seen in clinics. 

The following clinical characteristics have been variabty interpreted: 

. 1. Most of the writers, as the name “spastic flat-foot” itself implies. And evidence of 

pes planus in addition to valgus position of the foot. 

2. On the other hand, a few other observers note a definitety normal or even exag- 
1 'Assrated longitudinal arch (pes ca%nis) , with the foot being held in valgus position by the 
. spasm of the evertors. 

^ 'OL. 2S, KO. 1, JAXVART 1910 



130 


P. AV. LAPIDUS 


3. The majority of writers consider the spastic hat-foot as a pliasc of flaccid flat-foot; 
a few refute any connection between flaccid and spastic flat-foot. 

4. The pain and tenderness have been noted by the majority of investigators on the 
lateral aspect of the foot (calcaneocuboid joint, subtalar joint, sinus tarsi). A few ob- 
servers localized it also over the medial aspect of the foot, mainly at the talonavicular 
joint. 

5. Some observers consider the irritation of the talonavicular or calcaneocuboid, or 
subtalar (posterior chamber) joint to be due to static and mechanical distortions in flat- 
foot, being careful to dififerentiate the "idiopathic spastic flat-foot’’ from an arthritic one. 
Others also include in their series the artln-itic cases and consider infectious arthritis of 
these joints as a primary cause of the wdiole condition (Trethowan’s "tonsil flat-foot”). 

ANATOMY AND MECHANICS OE THE SUBTALAR JOINT 

The most important question is wlij”- the pronatoi’s of tlie foot are the only muscles 
which have consistently shown an exclusive tcndcnc.v to become “sjiastic”. 

Why has a similar spasticitj’- never been noted in the supinators group? 

Wh}'’ has muscle spasticity never been associated with the varus (inversion) deformity 
of the foot? 

The answers to these questions and clarification of the entire problem of the so-called 
spastic flat-foot may'^ be found in the rather complicated anatomy and even more compli- 
cated mechanics of the subtalar joint. 

The subtalar joint, often called the lower ankle joint or articulus talotarsalis, is a 
complex articulation between the talus (above) and the calcaneus and the navicular 
(below). An important strueture of the subtalar joint is the interosseous talocalcaneal 
ligament. The fibers of the ligament run in an almost vei’tical direction, attaching them- 
selves to the roof and the floor of the tarsal canal (sinus tarsi). The latter is formed by 
the adjacent deep grooves on the lower surface of the talus (sulcus tali) and the upper 
surface of the calcaneus, the sulcus calcanei (Figs. 1-A, 1-B, and 2). 

The tarsal canal (sinus tarsi) runs obliquely'’ forward and laterally; it is funnel; 
shaped, being ’udder laterally. The interosseous talocalcaneal ligament, filling the tarsal 
canal, likewise runs obliquely forward and laterally across the long axis of the foot (Figs. 
1-A, 1-B, and 2). Thus this ligament forms a transverse ■\'ertical partition, dividing the 
subtalar joint into two completely separate chambers: the jiosterior chamber or articu- 
lus talocalcanea, and the anterior chamber or articulus talocalcanconavicularis (Figs. 
1-A and 2) . Although anatomically these two articulations are entirely separate, function- 
ally they represent one inseparable unit, since they can move only together and only 
against the same axis of motion (Figs. 1-A, 1-B, and 3-A). In this respect they can be 
roughly compared with t’wo hinges of a door, -which, although separate, yet always move 
together. 

The motions of the subtalar joint consist mainly of supination (inversion) and pro- 
nation (eversion) . In addition, supination is combined with some adduction and plantar 
flexion, while slight abduction and dorsiflexion occur simultaneously with pronation of ^ 
the foot in the subtalar joint. The axis of motion of the subtalar joint runs slightly ob- 
liquely from the dorsomedial surface of the neck of the talus posteriorly, downward, and 
lateralward, emerging through the lateral posterior surface of the calcaneus (Figs. 2 and 
3-A) . 

The subtalar joint possesses an unusual stability. Dislocation in this joint unasso- 
ciated -with a fracture is very uncommon. This is due mainly to two factors : 

1. The alternating shape of the articular facets which are of ball-and-socket typC; 
in both the anterior (talocalcaneonavicular) and the posterior (talocalcaneal) components 
of the subtalar joint (Figs. 1-A and 2). The upper articular surface of the talocalcaneal - 
joint, supplied by the posterior articular facet of the talus, is concave; while below, tlie 
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corresponding iiostcrior facet of the calcaneus is convex. The reverse relation exists an- 
teriorly in the talocaleaneonavieular joint. Here the lower articular surfaces (calcaneus 

and navicular) are concave, 
while the upper articular surface 
(head of the talus) is convex 
(Figs. 1-A and 2). 

2. The interosseous talocal- 
caneal ligament, firmly binding 
together the talus and the cal- 
caneus. 


Fig. 1-B Fig. 2 

_ Fig. l-A; Left foot viewed from fibular side and also slightly from above. Talus removed, show- 
ing the subtalar joint di\’ided almost transversely bj"^ interosseous talocalcaneal ligament into two 
completely separate chambers; the anterior chamber, articulatio talocalcaneonavicularis and the 
posterior chamber, articulatio talocalcanea. The wooden applicators inserted through the talus 
and the calcaneus represent the axis of motion of the subtalar joint. Note that the interosseous 
tnlocalcaneal ligament is stretched between the sulcus calcanei (below) and the sulcus tali 
(above), both of these sulci forming the tarsal canal (sinus tarsi). Note also the alternating shape 
of the articular facets of the anterior and posterior chambers. In the anterior chamber, the head 
of the talus is ball-shaped and the navicular with the anterior and the middle facets of the cal- 
caneus form the socket; in the posterior chamber the reverse relations are present, the talus is 
concave, and the calcaneus is convex. 

Fig. l-B; Fibular view of the same foot with the talus replaced. Note that the interosseous 
talocalcaneal ligament is most accessible to palpation over the fibular side at the sinus tarsi. 
A denotes the interosseus talocalcaneal ligament. Arrows show the pars calcaneonavicularis and 
pars calcaneocuboidea ligamenti bifurcati. 

Fig. 2: The anterior and posterior chambers of the subtalar joint (left foot) viewed from above 
after removal at the talus. lYooden applicator inserted through the calcaneus represents the axis 
of subtalar joint motion which crosses the interosseous talocalcaneal ligament (X) under right 
angle, as shown by a toothpick inserted into this ligament from the fibular side. This ligament 
acts as a partition between the anterior and the posterior chambers of the subtalar joint. The 
tarsal canal, in which the interosseous talocalcaneal ligament stretches itself, is funnel-shaped, be- 
gjg wider on the fibular side and tapering toward the tibial side just behind the sustentaculum tali, 
the tarsal canal and also the ligament run obliquelj' anteriorly and fibulaward, forming an ob- 
tuse angle with the longitudinal axis of the foot (running along the second metatarsal). 

■A. Navicular facet for the head of the talus. 

Anterior facet of calcaneus. 

L. Middle facet of calcaneus over sustentaculum tali. 

At. Plantar calcaneonavicular ligament, forming the floor of the anterior chamber of the subtalar 
joint. 

E. Posterior facet of calcaneus (accidentally fractured). 
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3. Tendons and other ligaments stretching themselves over the subtalar joint. 

Figure 3-B illustrates the ligamentous apparatus of the ankle. The head and the nei 
of the talus have been removed in order to cxjmse the interosseus talocalcaneal ligame 
and show its relation to the axis of motion of the .subtalar joint. It is apparent that the i: 
terosseous talocalcaneal ligament becomes tense on suinnation (inversionj and is relaxed ( 
pronation (eversion), since this ligament is located entirely on the rd)ular side of the ax 
of motion. This point is further brought out on Figures 3-D and 3-E, .showing the san 
specimen with the foot hold in extreme inversion (Fig. 3-D) and in complete evcrsic 
(Fig. 3-E). 

These anatomical considerations have furnished us with a definitely estahlished fa 
in the mechanics of the .subtalar joint, — namely, that in-onation (eversion) of the footn 
moves the tension from the interosseous talocalcaneal ligament; in other words, the pos 
tion of greatest relaxation in the subtalar joint is that of complete pronation (eversion 
with the heel held in valgus. 

This fact seems to give adequate explanation of the questions enumerated, which thi 
far have remained unanswered oi- have been variably interpreted by ju'evious invest: 



Fig. 3-A 



Fig. 3-B 



Fig. 3-A: Left ankle and foot with nail representing axis of the subtalar-joint motion. This axis 
I’uns from the tibial side, from anteriorly and above toward the fibular side, posteriorly and down- 
ward, and does not correspond with the longitudinal axis of the foot (Fig. 2). Note that the axis 
of subtalar-joint motion passes right through the anterior tibial tendon {AT), spit longitudinally 
over the nail at small arrow. Therefore, in the neutral position of the subtalar joint the anterior 
tibial is a pure dorsiflexor of the foot, possessing no everting or inverting component. With the 
foot in inversion (supination), the anterior tibial tendon slips slightly tibiaward to the axis of the 
subtalar-joint motion; therefore, this muscle also becomes a slight invertor of the foot. When the 
foot is in eversion (pronation), the anterior tibial tendon slips fibulaward to the axis and con- 
sequently becomes a slight evertor of the foot. The extensor hallucis longus (EHL) and even 
more so, the extensor digitorum longus (EDL) run fibulaward to the axis of subtalar-joint 
motion, and therefore act as evertors (pronators) assisting the peroneals. 

Fig. 3-B: Same foot, held in neutral position. The talocrural joint is exposed. The head and 
the neck of the talus have been removed, exposing the anterior chamber of the subtalar joint. 
Two toothpicks have been inserted into the interosseous talocalcaneal ligament. Note that this 
ligament is located fibulaward to the axis of the subtalar-joint motion (represented by the nail) 
and the main part of the ligament is quite a distance away from the axis. 

Fig. 3-C: Shows schematically the details of Fig. 3-B. 

a. Interosseous talocalcaneal ligament (the toothpicks are not shown). 

bb'. Axis of subtalar-joint motion. 

c. Rough bone surface of the talar neck, after removal of its head. 

d. Floor of the anterior chamber of the subtalai' joint. 

e. Navicular. 
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The same specimen witli tlic foot in 
extreme inversion (supination). Note the 
wide separation of the toothpicks, prov- 
ing that the interosseous talocalcaneal 
ligament becomes tense on inversion. 



Demonstrates complete relaxation 
of the interosseous talocalcaneal lig- 
ament on extreme eversion (prona- 
tion), the two toothpicks becoming 
closely approximated and parallel 
to each other. 


gators. It certainly appears to provide a logical explanation for the exclusive tendency of 
the pronators to become spastic. Likewise, the tenderness over the sinus tarsi (the most 
accessible region of the interosseous talocalcaneal ligament) and over the subtalar joint 
itself can now be understood (Fig. 1-B) . 

DISCOSSIOX 

Thus we may assume that any lesion of the interosseous talocalcaneal ligament, 
whether of traumatic or inflammatory' origin, may produce the symptom complex of so- 
called spastic flat-foot. The interosseous talocalcaneal ligament is really a part of the 
subtalar joint, just as the two crucial ligaments are part of the knee joint; consequently, 
any lesion of the interosseous talocalcaneal ligament, with or without involvement of the 
entire subtalar joint, may bring about a typical clinical picture of pronators’ spasm. 

It should be mentioned in passing that a large number of cases observed by the 
'V'Titer not only failed to show any eyndence of flattening of the longitudinal arch, but 
occasionally presented a definite caxuis deformity. This was also noted by Haberler and 
Winkler. 

It is true that in a few cases of flat-foot, spasticity may develop, but the percentage 
IS very' small, as has been pointed out by several other writers. It is possible that the 
percentage of feet with a normal arch, in which the spasticity symdrome develops, is just 
as great as that of flat feet which become spastic. The valgus position of the foot is mis- 
leading, and often is misinterpreted as flat-foot, although the longitudinal arch is normal 
or even exaggerated. Hence the term “spastic flat-foot” seems to be a misnomer and inap- 
propriate, because more often than not there is no flat-foot. 

“Spastic subtalar lesion” or “subtalar arthritis with spasm of the pronators” would 
seem to be better designations. 

Spastic subtalar lesion is a symiptom complex wiiich obviously may result from vari- 
ous etiological conditions. First will be discussed the cases wiiich have been classified by 
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some Avriters as “idiopathic spastic flat-foot”. The t 5 q)ical symptoms seemed to develop in 
these patients spontaneously Avithont any definife etiology of the condition. These cases 
may be divided into three groups, according to the e.xtcnt and graA'ity of the pathological 
changes. 

To the first group belong early eases of adole.sccnt patients with no history of pre- 
Anous episodes. As has already been stated, the feet may be noi-mally shaped (no flat- 
foot). Plistoiy of trauma or of an occupational strain can be obtained in a majority of 
these cases. In sleep or if the patient is giA-en local or general anaesthesia, the spasm of 
the pronators is entirely ]'clievcd. Infrequently, after mci-e rest in bed for a few days, all 
the symptoms may disappear. Early diagnosis and coinjilete bed rest, followed by guarded 
actiAuties and AA-atchful obserA'ation, may preA-ent any further recurrences. Well-fitted 
metal foot plates and shoes ma}' be hcljiful. 

To the second group belong moi-e advanced eases, Avith ajA]nii'ently fibi'ous ])criarticiilar 
changes, since there is absence of .subtalar mobility eA-en undei- general anaesthesia Avlien 
the spasm of the pronators is complctch' eliminated. History of pi'CAUous attacks of pain 
and spasticity maj'- be obtained in some of these eases. The roentgenograms of the foot 
fail, to shoAv any bone changes. This gi’oup presents a more serious therapeutic problem. 
If rest treatment as suggested for the first groujA is not successful, sometimes gentle break- 
ing of fibrous tissues by manipulation of the subtalar joint under general anaesthesia, 
folloAAmd by prolonged rest Avith i)hysiothcrapy and immcfliate active and passiA-e exercises, 
may relicAm the pain and spasm and even enable the patient to I'esume his AA'ork. Post- 
operatiA'e immobilization in plaster should not be emjAloyed, since it may bring about the 
recurrence of fibrous changes. It is douiitful, hoAveA'er, that comiAlete restoration of sub- 
talar mobility aaoII be obtained in the majorit)’- of these cases. Recurrence of episodes of 
pain and spasm of the pronators may be antici])ated, esjAccially aftei- ovemvork. Metal 
foot plates are helpful, even if the longitudinal arch is normal. Change of occupation to 
less strenuous AA'ork should be giA'cn serious consideration. 

The third group includes iiiA’eterate cases, often patients Avith a history of several 
acute attacks and occasional pain and stifi’ness after oA-eruse of the foot during the 
quiescent stage. Roentgenograms in these cases shoAv more or less advanced productiA’c 
osteo-arthritic changes, mostty oA'er the adjacent surfaces of the talus and the navicular 
and often OA'er the talocalcaneal and calcaneocuboid joints. During the periods of acute 
exacerbation the pronators become spastically contracted, the foot is painful, and there 
is periarticular subtalar tenderness most frequently oA’er the sinus tarsi laterall}^ just m 
.front of the lateral malleolus, sometimes also medially around the sustentaculum tali and 
just posterior to it (Fig. 2). Occasionally there is tenderness around the talonaA'icular 
joint. The heel is held in Avalgus, and any attem])t at jAassiA-e iiiA’crsion produces pain. 
After rest, the spasm of the pronators may disajApear, and acute pain and tenderness may 
be relicAmd, but the heel may still remain in A'algus, and there Avill be considerable or cA^en 
complete loss of subtalar mobility. Attempts at inA'ersion of the heel still may be slightly 
painful, and some tenderness may be obtainable eA'en during the apparently quiescent 
stage. Obviously therapy in this type of foot is rather limited, and should be directed 
toward prevention of acute episodes and alleviation of pain during the quiescent stage, 
in order to enable the patient to do some AA’ork, preferably AAuthout putting any excessive 


strain on his feet. 

There has been a great deal of prejudice against the use of metal plates in this type 
of foot Avith its tarsal joints “rigid” because of secondary osteo-arthritic changes. It has 
been stated often that, in a “rigid” foot, rigid metal plates are contra-indicated, since the 
patient Avill not be able to Avear them. Exactly the reverse conclusions seem to be justified 


from the author’s experience. , 

Well-fitted plain metal plates (Schaffer’s type) have been found extremely useful ni 
these patients. It must be emphasized, hoAvever, that meticulous care should be exercisec 
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in taking a cast (plaster boot) for tliosc plates, ll’hilc a foot with movable joints maj’ 
sometimes adajit itself to an imiierfectly fitted plate, a “rigid foot” requires a perfect fit 
of the plate to the foot. That may bo the reason that many of these patients have dis- 
carded plates which they have been unable to wear, and yet frequently obtain a great 
deal of comfort when given a pair of well-fitted rigid metal plates, and often are 
actually unable to walk without them. 

The author has been using cxclusiveh' rigid metal jdates, since the non-rigid t}'pe, as 
a rule, failed to bring adequate relief. Evidently, only a rigid metal foot plate can provide 
enough bracing for the osteo-arthritic tarsal joints, just as only a rigid brace can ade- 
quately immobilize an osteo-arthritic knee. 

In a very few obstinate cases with persistent disability, one may consider fusion of 
the entire subtalar joint, possibly combined with calcaneocuboid fusion. The writer is 
opposed to any extensive wedge resections of these joints, and prefers merely a shaving 
oti of the articular cartilage without distorting the configuration of the joint surfaces. 
The cartilage can also be shaved off from the talar head and the navicular bone without 
resection of the talar head. The heel should be immobilized in a neutral position. Al- 
though some relief may be anticipated after this operation, the foot is far from being 
perfect and, therefore, the operation should be considered onty reluctantly as a last re- 
sort in obstinate cases. As a rule, conservative methods patiently adhered to will bring 
enough relief and in the long run ai’e hotter than the operation. 

The symptoms of spastic subtalar lesion may develop in cases of rheumatoid arthritis. 
The inflamed subtalar joint is held in pronation in order to secure complete relaxation of 
the interosseous talocalcaneal ligament. Fibrous changes and often osteo-arthritic mani- 
festations with limitation of subtalar mobilit3' are the usual late results in these cases. 
The therapj' in this tj'pe of case is cssentiallj" the same as in the idiopathic group. Pre- 
vention of valgus deformitA' bj' immobilization of the foot in neutral position should be 
considered before the onset of ankjdosing changes. For obvious reasons, cases of fracture 
of the tarsal bones penetrating into the subtalar joint with lesion of the interosseous 
talocalcaneal ligament maj" also present the spastic sj-mptom complex. 

All the above considerations seem to furnish reasonable proof that any lesion of the 
interosseous talocalcaneal ligament maj' lead to a secondarj' protective spasm of the 
pronator muscles, in order to ensure complete relaxation of this ligament. There is no 
justification for the assumption that the spasticity is a result of primary changes in the 
pronator muscles-^ or is due to a lesion of the pyramidal tract"’. Consequently, anj' 
operations designed to eliminate the action of the pronator muscles, such as resection of 
their tendons or induction of their palsj' by anj' methods, should be stronglj' condemned 
us unsound, useless, and often harmful, since thej' are aimed to relicA'e the consequence 
without removing the cause of the condition. 

1^0 one would consider tenotomy of the hamstrings or crushing of the sciatic nerve, 
in order to relicA-e the protecth-e flexion of the knee due to a lesion of its crucial or col- 
lateral ligaments. Yet a somewhat similar operative approach is still a standard procedure 
m the treatment of the so-called spastic flat-foot, and is recommended in textbooks. 

It is the hope of the writer that he has given a logical explanation of the mechanics 
of the condition, now labeled “spastic flat-foot” and has pointed out the irrationalitA' of 
standard surgical procedures emplojmd in its treatment. 


SUMMARY AXD COXCLUSIOXS 

1. A review of the literature on the so-called “spastic flat-foot” shows variable, often 
contradictorj^, theories concerning its etiologj’ and treatment. 

2. The prevailing conception is that it is a reflectorj’ spasticitj' of the pronators, 
u lich develops in a flaccid flat foot as a result of irritation of the tarsal joints, attributed 

0 faulty statics and mechanics. 
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3. No satisfactory explanation for the fact that the spasticity is always limited 
exclusively to the pronators can be found in the literature, although various theories have 
been advanced. 

4. The accepted standard treatment of the so-called spastic flat-foot has been rest, 
immobilization, i)hysiothcrapy, manipulations, resection of peroneal tendons, or even 
induction of palsy of the pronatoi's by intej-j-iiption of conductivity of the peroneal nerve 
bj’' means of injections or crushing of the nerve. 

5. A review of the anatomy and mechanics of the subtalar joint shows that the inter- 
osseous talocalcaneal ligament is relaxed in pronation, and becomes tense in supination 
of the foot. 

6. The author’s theory of the cause of so-called spastic flat-foot as a lesion of the 
interosseous talocalcaneal ligament or of the subtalar joint with reflex spasm of the 
pronators to produce relaxation of the aboAm ligament is given. 

7. The syndrome of sjmsticity of the jn-onators is not peculiar to flat-foot, but is 
often observed in normal feet or even in cases of cavus. Therefore, the terms, “spastic 
subtalar lesion” or “subtalar arthritis Avith spasm of the pronators” are offered as more 
appropriate designations than “spastic flat-foot”. 

8. A classification of cases Avith the method of treatment employed by the author is 
described. 

9. The lesion of interosseous talocalcaneal ligament is the primaiy cause, and spasm 
of the pronators is the consequence. Therefore, an}’’ operations designed to eliminate the 
action of the pronator muscles (tenotomy or interruption of peroneal neiwe) are strongly 
condemned as being unsound, futile, and often harmful. 

The Avriter Avishes to express liis thanks to J. ClifTord Hnyner, MJD.. Professor of Anatomy of the 
NeAv York Medical College, for the cooperation of his department. 

AcknoAvledgment is also made to Philip Nctti, B.S., in charge of the Photograph}' Department of 
the College, for the excellent illustrations. 
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BACTERIOLOGICAL EXA^IINATION OF THE GASTRIC CONTENTS IN THE 
DIAGNOSIS AND .MANAGEMENT OF TUBERCULOSIS OF 
THE BONES AND JOINTS 

BY AXDRKW L. B.VNYAI. M.I).. AXI) ANTIIOXA' V. CADDEX, M.D., WAUWATOSA, WISCONSIN' 

From the Muirdolc Saitnlnrium, Wauwatosa, and the Department oj Medicine, 

Marquette University Medical School, Milwaukee, Wisconsin 

A sulistiintial jicrccntago of patients Avith active jiulmonaiy tuberculosis, particu- 
larly infants anti young children, do not expectorate, and consequently no sputum is 
available for bacteriological examination. The fasting gastric contents of more than 2,000 
patients with pulmonary tuberculosis haA'e therefore been examined for the presence of 
tubercle bacilli. In this grouji of eases the procedure has served as an indispensable cri- 
terion for the identification of actiA’c disease, and has been carried out either at the time 
of the diagnostic survey of the patient or during the course of treatment by bed rest or by 
pulmonary collajisc. 

Since 1898. when Aleunicr first advocated this diagnostic method, a number of publi- 
cations have confirmed its usefulness. IMost of the available reports, however, deal with 
its applicability in parenchymal pulmonary tuberculosis and in tuberculosis of the hilar 
Ij'nipli nodes. In patients with parenchymal pulmonary tuberculosis who do not expecto- 
rate or Avho have negative sputum, tubercle bacilli were found in the gastric contents in 
60 per cent, of the cases of Gad, in 55 per cent, of Gullbring and Levin’s cases, and in 
about 20 per cent, of the cases of Ulmar and Ornstein. In children with pulmonary tu- 
berculosis (parenchymal or hilar) , Opitz found tubercle bacilli in the gastric contents in 
93 per cent., Boer in 73 per cent., and Danger in 40 per cent., as quoted by Dietzel. 

These results suggested the possibility that examination of the fasting gastric con- 
tents might be of value in the diagnosis of patients suspected of having tuberculosis of 
the bones or joints. While early recognition of these cases is of the utmost importance 
from the standpoint of therapy, the diagnosis may be difficult in many instances. The well- 
known symptoms and signs are not pathognomonic. Milgram questioned the conception 
that these tuberculous lesions have an insidious onset. He found that out of 142 verified 
cases of osseous tuberculosis, the onset Avas sudden in 29.5 per cent., with severe pain in 
26.7 per cent.; and that in 37 per cent, the results of roentgenographic examination Avere 
either of no help or AA'ere misleading. Much confusion arises from the fact that some of 
the roentgenographic findings seen in tuberculosis, such as synovitis, periarticular sAvell- 

and bone atrophy, are often found in non-tuberculous arthritides. Osteosclerosis and 
osteophytic growth are more common in tuberculous lesions than is realized. Diagnostic 
difficulties may be encountered in tuberculosis of the rib, the sternum, and the sacrum, 
Miere the disease is not manifest until extensive destruction has taken place. On the other 
and, tuberculous arthritis may be present without destruction of the bone and with en- 
^I'cly negative roentgenographic findings. 

Such laboratory studies as the tuberculin test, the hemogram, and the sedimentation 
test are of limited diagnostic value. According to Seddon, biopsy of the inguinal lymph 
^odes in tuberculosis of the knee joint is worth while in that a positive result gives con- 
rmatory eiddence of the disease. Conclusive proof of the tuberculous nature of an ar- 
nritis may be gained by culture or by guinea-pig inoculation of the material obtained 
y aspiration of the joint, by punch biopsy, or by histological and bacteriological exam- 
inations at the time of operation. 

During the past seven years the authors have studied twenty-tAvo cases of tubercu- 
osis of the bone, in which an attempt was made to corroborate the clinical diagnosis by 
ctenological examination of the fasting gastric contents. Securing gastric specimens for 
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this purpose is a, simple procedure tliat can be done by the physician, by a trained attend- 
ant, or by a laboratory technician. It is preferable to as]hrato the gastric contents rather 
than to Avash out the stomach. Aspirations arc done on five successive mornings, as soon 
after rising as feasible, so as to avoid the po.ssiblc .sjrontancous evacuation of the stomach 
contents. In Poulscn and Andersen’s investigation of 199 tuberculous children, tubercle 
bacilli Averc recoAmred from the gastric contents in 77 per cent, on the first examination, in 
96 per cent, after the second examination, and in 100 per cent when five stomach wash- 
ings were done. Our findings arc in harmony Avith these f)bscrvations. 

The fasting gastric contents are aspirated by means of a sterilized. Size 16 French 
nasal catheter. Smaller tubes are used in children and in infants. The tube is passed 
through the nose more readily, if it is stificned by kcci)ing it in a refrigerator before use, 
and if its tip is moistened AA’ith sterile gl.A'ccrinc. It can be easily manocuA'cred through 
the nasal caAuty, CA’cn in the prc.scnce of minor submucous bony deformities or of septal 
dcAuations. As soon as the tij) reaches the phaiynx, the j)aticnt is instructed to sAA-alloAV 
repeatedly Avhilc the tube is passed doAvn the oe.so]Ahagus. There is A’cry little discomfort 
from this procedure, and the patients readilj' acccj)t ]X’])catcd gastric aspirations. By 
means of a ten-cubic centimeter or tAA'cnty'-cubic centimeter glass syringe, the gastric con- 
tents are rcmoA'cd and arc collected in a sterile container. According to the practice of 
Poulsen and Andersen, the individual specimens arc jroolcd and used for bacteriological 
examinations. The authors haA'c found tliat a greater number of positiA'c results arc ob- 
tained by using pooled specimens than by examining the same number of specimens indi- 
Audually. 

An equal volume of 5 per cent, potassium hydroxide is added to the specimen, and 
the mixture is placed in an oven at a temperature of 45 degrees centigrade for one hour. 
It is then centrifuged at high speed for thirty minutes, the supernatant fluid is decanted, 
the sediment is neutralized Avith 5 per cent, hydrochloi'ic acid, and Avashed Avith saline so- 
lution. The sediment is then ready for simple smear, culture, or guinea-pig inoculation. 
For culture, the material is divided among tlircc slants of Petragnani’s medium in OA’al test 
tubes measuring 155 by 27 by 17 millimotcrs. The culture tubes are allowed to remain in 
m almost horizontal position until the moisture has been absorbed by'- the surface of the 
culture medium (usually about forty^-cight hours). The tubes are then scaled Avith a mix- 
ture of tAvo parts of paraffin to one part of vaseline, and incubated in an upright position 
until eAudence of bacterial groAvth is noted, or for a maximum jAcriod of eight AA’eeks. The 
cultures are examined grossly every Aveck. PositiA'e findings may’- be noticeable in three 
AA'eeks. 

The authors belieA'e that the tubercle bacilli can be detected in the fasting gastric 
contents as competently and reliably by culture as by animal inoculation. The culture 
method is, of course, simpler and less expensiA'e. On Amry rare occasions, one may find 
non-pathogenic acid-fast bacilli in the gastric contents. These can be identified by’- their 
morphological and cultural characteristics, and, in case of doubt, by’- guinea-pig inocula- 
tion. 

The presence of tubercle bacilli in the fasting gastric contents carries important diag- 
nostic implications. Their ingestion with contaminated milk can be excluded Avith rea- 
sonable certainty, because the patient is not permitted to take nourishment during the 
night and morning preceding the gastric aspirations. Furthermore, it is unlikely to find 
A’-iable tubercle bacilli in the milk from tuberculin-negatiA’^e herds (tuberculosis in cattle 
has been virtually eradicated throughout the United States) , or in milk Avhich has been 
pasteurized. 

The question might arise as to the likelihood of finding tubercle bacilli in healthy in- 
dividuals Avho have been exposed to tuberculosis incidentally or professionally (physi- 
cians, nurses, and hospital and sanatorium attendants) . It has been the authors’ experi- 
ence, and this coincides AA’ith the obseiwations of others, that tubercle bacilli arc nevei 
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TABLE I 

P\TIKNTS \\iTii TriiKitrL’i.o';!^^ or TiiK Bonks \n'd Joints Whose Gvstric Contexts 

CoxTux TunKRCEE Bvcilu 


P.iticnt 

Ago 

in 

Yc.n^ 

Riicc 

Sc\ 

Diagna'i-- 

Extent of Bone 
Lesion Shov n 65 ' 
Roentgenogram 

Piilmonaiy Findings 
Shown bj' 
Roentgenogiam 

Classifi- 
cation on 
Discharge 

M.A. 

13 

Wliitc 

F 

TuhcreuloM"; 
of iiglit lap 
joint 

Consideiable destnic- 
tion of head of femur 
and acetabulum 

Solitary calcified 
nodule m right hilum, 
and small nodular 
calcifications in 
left hilum 

Healed 

R.B. 

G 

White 

F 

Tubeiculo-i-- 
ofboth hip 
joints 

Extensive de^tnic- 
tion of head of femur 
and acetabulum, bi- 
latcrallj’ 

Increased hilar den- 
.sitics on both sides. 
Pleural thickening 
on left side 

Healed 

B J. 

IVj 

White 

F 

TubcieuIosi« 
of right hip 
joint 

Destruction of an- 
tci lor and lateral 
aspects of femur, 
extending into 
einphx’sis 

Dense bilateral hilar 
calcifications 

Still under 
obserx-ation ; 
improxTUg 

M.B. 

4 

White 

F 

Pott’s 

(iiscn-o 

Tenth and eleventli 
thoracic x ertebrae, 
with kyphosis 

Few small hilar cal- 
cifications 

Apparentb’^ 

healed 

W.B. 

3 

Xegro 

M 

Pott's 

(hse.a^e 

Second and third 
lumbar x'ertebrae, 
with oiganized 
psoas abscess 

Healed piimarx' 
tubei culous complex 

Healed 

L. G. 

S 

White 

M 

Potf.s 

disease 

Fifth, sixth, 

sex enth.and eighth 

thoracic vertebrae 

Large calcified areas 
in hilum, bilaterally 

Healed 

E.K. 

S 

White 

M 

Pott’s 

disease 

Ninth, tenth, and 
eleventh thoracic 

X ertebrae, xvith 
marked kyphosis 

Few calcified nodules 
m both hilai areas 

Improx ed 


found in the fasting gastric juice of healthy persons, or of those with non-tuberculous 
pulmonarj’^ diseases.' 

Clinically manifest tuberculosis of the tonsils as a source of tubercle bacilli in the 
aspirated stomach contents is extremely rare, even in patients with long-standing, far- 
advanced pulmonary tuberculosis. According to Newhart, Cohen, and VanAVinkle, a series 
of 30,676 tonsillectomies showed tuberculosis of the tonsils in 2 per cent. This apparently 
high figure may not be so startling, if one recalls the incidence of reinfection type of pul- 
monary tuberculosis found in mass photofluorographic survej^s. Roentgenographic evi- 
dence of reinfection type of puhnonarj’^ tuberculosis existed in from 0.3 to 2 per cent, of 
the individuals examined. The former figure was recorded in college students. In some of 
the underprivileged groups, such as recipients of relief and homeless males, the correspond- 
ing figures were 4.1 and 16 per cent., respectively. There is no record in the literature of 
the presence of tubercle bacilli in the gastric contents in persons with latent or subclinical 
tonsillar tuberculosis, without gross evidence of tuberculous changes in some of the other 
structures. In the absence of such changes, therefore, the tonsils may be disregarded as 
a possible source of infection. 

The role of tuberculosis of the stomaeh as a source of tubercle bacilli is insignificant. 
In a series of 10,000 postmortem examinations, Collinson and Stewart found onh' three 
cases of gastric tuberculosis (0.03 per cent.) ; Gentile reports a collective review of Alirolli. 
covering postmortem findings in 71,871 cases, which revealed an incidence of 0.21 per 
cent.; and Sullivan, Francona, and Kirshbaura recorded onl}' two cases of tuberculosis of 
the stomach in 11,480 postmortem examinations (0.01 per cent.). 

Possible sources of tubercle bacilli in the fasting gastric contents are as follows: 

1. Frank pulmonary parenchymal infiltration, reinfection type or priman.' type 
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which is rcaclil}^ demonstrable b}’- ph3'sical examination oj- I’oenfgenogram, should be con- 
sidered. If a si^ecimen of sputum is not available, as])iratiou of the fasting gastric con- 
tents and their bacteriological examination are strongly advocated in the presence of such 
lesions, even if at first glance the lesions may ai)pear well fibrosed. 

2. Tuberculous hilar lymph nodes, which always signify a previous or coexistent 
primary lesion in the lung parenchyma, may di.‘jchargc tubercle bacilli into the adjacent 
bronchi. Incontrovertible experimental evidence was ])resen(ed by Ulmar and Ornstein 
that tubercle bacilli, in the absence of cough, are carried from the bronchial tract to the 
phaiynx b}'’ the ciliaiy action of the bronchial mucosa and bj' the normal bronchial peri- 
staltoid motion. From the pharynx, through swallowing, the bacilli reach the stomach. In 
rare instances, tuberculous mediastinal lym]ih nodes may discharge tubercle bacilli di- 
rectlj' into the oesophagus. 

3. Active tuberculous lesions of the lung parencliA'ina, or tuberculous Ijmiph nodes 
which ai'c not visualized on a standard postcro-anterior roentgenogram of the chest, may 
be the sources of tubercle bacilli found in the slomacli. The difficultly in visualizing these 
lesions is due to the fact that thc\' arc localized in areas obscured by the heart shadow, 
the mediastinal structures, or I)}" the dome of the diaplu-agm. 

The group of patients i)rcscnted here belong to the third category. During the past 
seven years, twenty-two patients with o.'^seous tuberculosis, in whom an attempt was made 
to confirm the ortho])acdic diagnosis bj' searching for tubercle bacilli in the fasting gastric 
contents, were treated at the Itluirdale Sanatorium. In none of these ])aticnts was active 
pulmonaiy tuberculosis demonstrated b}-- roentgenogram. The gastric contents were nega- 
tive in fifteen patients, who had a total of cighty-onc gastric aspirations. Seven patients, 
whose gastric specimens were positive for tubercle bacilli, had forty-six gastric aspira- 
tions, There were four cases of Pott’s disease and three cases of tuberculosis of the hip 
joint in the positive group. 

Concerning the finding of tubercle bacilli in the stomach contents of patients with 
orthopaedic forms of tuberculosis, the following points deserve consideration. 

1. What is its diagnostic significance? It is the consensus of clinicians that this 
ding indicates an active tuberculous focus in the body, — usuallj" a tuberculous lesion in 
/ .1 e lung parenchyma or in its collateral Ijuni)!! nodes. In the jn'csencc of an orthopaedic 
involvement of obscure origin, the presence of tubercle bacilli in the fasting gastric con- 
tents, though not absolute proof of the tuberculous nature of the disease, should be looked 
upon as important presumptive or circumstantial evidence. 

2. If the assumption is correct that tubercle bacilli in the stomach indicate active tu- 
berculosis, no patient with tuberculosis of the bones or joints should be pronounced cured 
until repeated bacteriological examinations of the gastj-ic contents are negative for tu- 
bercle bacilli. So long as these cultures remain positive, there is a potential danger of 
spread of the micro-organisms to other parts of the lung, to the bone lesion being treated, 
or to other hitherto uninvolved structures or organs of the body. It is reasonable to be- 
lieve that the same tuberculous focus which is discharging tubercle bacilli into the bron- 
chial tree is discharging micro-organisms into the blood stream. The authors believe that 
healing this source of infection before releasing the patient from treatment would consti- 
tute the safest way of avoiding a breakdown of an apparently well-healed bone lesion and 
of preventing tuberculous complications, such as pulmonary spread or meningitis, wbicli 
might prove fatal. The frequent incidence of such complications shows the need for a re- 
vision of the general management of these cases. 

3, Tubercle bacilli passing from the respiratoiy tract to the stomach are necessarily 
found in the pharynx during one phase of their passage. Coughing, sneezing, laughing, 
and crying may expel them into the air, directly exposing all who are in close contact. 
Coughing may be brought about not only by the tuberculous lesion in the lung or in the 
lymph nodes, but also by intercurrent non-tuberculous diseases, such as the so-calle 
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common cold, upjicr rcsjiiratory infections, simple or allergic bronchitis, influenza, bron- 
chopneumonia, measles, whooping cough, and a number of others. Although the spread of 
tubercle bacilli from these patients to those in their environment is not so massh’e as in 
the case of an open, advanced pulmonaiy tuberculosis, nevertheless the risk of infection 
exists. Undoubtedly, these patients are tuberculosis carriers, and therefore the entire 
regimen of their management should be rcA’ised accordingh'. 


COXCLUSIOXS 

1. From the standpoint of optimum therapeutic results and of the prevention of pos- 
sible local or general complications, the importance of the earh- diagnosis of tuberculosis 
of the bones and joints cannot be overemphasized. 

2. Because of the inherent limitations of the aA'ailable physical and roentgeno- 
graphic methods of e.xamination, the diagnosis of orthopaedic forms of tuberculosis is 
difficult to establish. 

3. Similar limitations are encountered in many cases of pulmonarj' tuberculosis, the 
demonstrable evidence of which would give a clue to the diagnosis of an obscure bone or 
joint disease. Not all actiA'C tuberculous lesions of the lung are Ausible on the standard 
postero-antcrior chest roentgenogram. Small lesions, which may be discharging numerous 
tubercle bacilli into the blood circulation, may remain obscured bj* the heart shadow, the 
mediastinal structures, or the diaphragm. 

4. For the sake of accurate diagnosis, it is imperative to resort to methods which 
are of value in uncovering these hidden sources of tubercle bacilli. Roentgenograms of the 
chest taken at various angles, such as oblique and lateral exposures, or special apical de- 
tail film, are of assistance, but roentgenographic shadows in the lung fields do not iden- 
tify the etiolog}' of the lesion. 

5. The available data in the literature, as well as the authors’ e.xperience with over 
2,000 cases of pulmonarj' tuberculosis, indicate that examination of the fasting gastric 
contents for tubercle bacilli is an indispensable diagnostic procedm-e. The same method is 
applicable to orthopaedic forms of tuberculosis. 

6. Examination of the fasting gastric contents should be carried out periodically, at 
inteiA-als of from three to six months, to ascertain the course of the original tuberculous 
focus in the lung. 

7. The conception of complete healing of a tuberculous lesion of a bone or joint 
should be ex-panded. No patient should be classified as cured until repeated bacterio- 
logical e.xaminations of the gastric contents rcA'cal no tubercle bacilli. Although this maj" 
prolong the treatment, there cannot be any doubt that this added regimen is of value in 
consolidating the healing of the orthopaedic lesion, as well as that of the original source 
of the disease. 

8. Securing gastric contents for bacteriological examination is a simple procedure 
which can be carried out by the physician or by a trained attendant, with verj' slight 
discomfort to the patient. 

9. The detection of tubercle bacilli in the fasting gastric contents is as competent 
and reliable by culture as by animal inoculation. 

10. A higher number of posithm results are obtainable when five consecutNe gastric 
specimens are examined than where fewer samples are studied. A greater number of posi- 
tive results may be expected from examination of pooled specimens than from separate 
examinations. 

11. In a group of patients with A'arious forms of orthopaedic tuberculosis, an attempt 
^ es made to corroborate the diagnosis by the bacteriological examination of the fasting 
gastric contents. Out of this group of twenty-two patients, tubercle bacilli were found in 
scA’en (31.8 per cent.). 
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12. Wiili improved laboratory technique and witii more frequent examinations of this 
type, a higlier percentage of positive findings may be expected. 
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FRACTUEE OF THE MEDIAL EPICONDYLE WITH DISPLACEAIENT 

INTO THE ELBOW JOINT ^ 

HY JAMCS PATRICK, F.U.C.S., GLASGOW', SCOTLAND 
Frntn tJic Orllidpricdic Drjnnlmcnt, Glasgow Royal Infirmary 

A great deal lias liecii wi-ittcn in the last quarter century about displacement of the 
medial cpicondyle into the elbow joint, and a gradual development in the diagnosis and 
treatment of this unusual condition can be traced in the literature. The first descriptions 
of manipulative reduction of the incarcerated medial cpicondyle were made independently 
by Fevre and Roudaitis (1933) and by Roberts (1934). A comprehensive paper on the 
whole subject (based on forty-one collected cases) was read by Clarke at the meeting of 
the ^Manchester Surgical Society in 1939. Unfortunately, his paper has not jmt been pub- 
lished. 

Fracture of the medial cpicondyle with incarceration in the elbow joint occurs mainly 
between the ages of ton and seventeen, and is often associated with a traction injuiy to 
the ulnar nerve. The condition may occur in either of two ways. 

1. As a result of a fall on the hand, the forearm is abducted on the humerus and the 
strain on the medial collateral ligament avulses the cpicondyle. The cpicondyle is pulled 
down to the level of the elbow joint, into which it is sucked b}' the momentaiy vacuum 
which forms in the joint. 

2. A posterolateral dislocation of the elbow is associated with a fracture of the me- 
dial cpicondyle. The cpicondyle, being still attached to the medial ligament of the elbow, 
IS displaced along with the radius and ulna. AVhen the dislocation is reduced, the epicon- 
dylar fragment lags behind the forearm bones as thej' pass into position over the articular 
surface of the lower end of the humerus. Thus only a pseudoreduction is accomplished, in 
which the cpicondyle remains between the coronoid process and the humerus, and a sub- 
luxation remains. The epicondyle lies in the joint, with its raw’ bony surface in contact 
with the articular cartilage of the coronoid. 

This second type of incarceration, following reduction of a dislocation, is the more 
important, for it is in such cases that the diagnosis is most often missed . In all cases a 
subluxation is present, although it is only of secondarj' importance, for, if the incarcerated 
fragment is replaced early, the subluxation automatically disappears. 

Clinical diagnosis is relatively easy, if paralysis of the ulnar nerve is detected. If a 
good anteroposterior roentgenogi-am is obtained, there can be no doubt about the position 
of the epicondyle, but owing to pain and muscle spasm the roentgenologist will frequently 
be unable to extend the elbow sufficiently for this purpose. 

Reduction can often be effected by manipulation, either by abduction of the forearm 
oil the humerus, accompanied by supination and extension of the wrist and fingers to tense 
the flexor muscles and so pull the epicondyle out of the joint; or by adduction of the fore- 
arm on the humerus, associated wdth flexion and extension movements of the elbow, with 
the object of expressing the epicondyle, as an orange pip may be expelled by compressing 
It between the finger and thumb. Clarke has referred to several cases in which spontane- 
ous extrusion has occurred. 

When manipulation fails, open operation is necessary, and it is generally recom- 
mended that at this time the ulnar nerve should be transposed anteriorly. Ararious refer- 
ences are made in the literature to the danger of a late ulnar neuritis developing from 
friction of the ulnar nerve on the rough epicondylar groove in those cases in which an- 
ferior transposition has not been carried out. 

When incarceration of the epicondyle remains unrecognized for several weeks, open 
operation becomes A'erj' difficult, and even when the epicondyle has been excised, or the 

* Read at the meeting of The British Orthopaedic Association, London, June 1, 1945. 

'OL. as, xo. 1 , 


JAXUARY 1040 


143 



144 


JAMHS PATIIICIC 



Fifi. 1-A Fifi. 1-B 

Tlie incniTcr.'ilccI inodial cincondyle 'I'lii*' atdcioiio-'foiior roontgcnogiam 

at tlie joint level in the laleial loentgenograni. coidd he obtained only by extending 

th(> elljow under anae-tlie-ia. 


fracture has been reduced, the suhluxation almost defies reduction. The final results in 
late cases treated by operation !iio])cjir to be uniformly ])oor; such patients arc usually 
left with a very limited range of nlo^•ement. 

The following obseiu-ations are based on a series of twenty-one cases treated by the 
author during the last five years. 

The first problem which presented itself in investigating this subject was how to make 
an early and definite diagnosis. Forty per cent, of the patients had no paralysis of the 
ulnar nerve; therefore clinical diagnosis was not always easy and reliance had to be placed 
on the roentgenogram. The presence of pain and muscle spasm often prevents the patient 
from extending his elbow beyond a right angle. As a result, the anteroposterior roentgeno- 



Fig. 2-A 


Fig. 2-B 


The medial epicondyle can no longer be Tlie medial epicondjde, now released from 
seen in this lateral roentgenogram. (Com- the joint, lies above the level of the joint 
pare with Fig. 1-A, taken before reduction.) line. 
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gi-ani needed for accurate diagnosis cannot be obtained, and a lateral view must suffice. If, 
however, the epicondyle can be seen at the joint level in the lateral view, it may be con- 
sidered to be in the joint. On reviewing our last 100 cases of simple medial epicondyle 
fracture, in no instance could the medial epicoiifiyle be seen at the joint level in the lat- 
eral roentgenogram. In simidc medial epicondyle fracture, the fragment apparently is 
never j)ullcd doAvn as far as the joint level. Figure 1-A shows the typical appearance, in 
the lateral view, of a fragment incarcerated in the joint. Diagnosis was based on this 
view alone, and was confirmed only after the patient had been anaesthetized and a good 
anteroposterior view had been oidained (Fig. 1-B). 

The second problem was how to effect an easy and safe reposition of the fragment. 
In the patients seen by the author, only 40 per cent, of the early fractures were reduced 
by mani]iulation, although Clarke and Roberts claim a much higher percentage of success. 
The standard methods of manipulative reduction, however, maj' cause a further traction 
injuiy to the ulnar nerve. In two of our patients, who initially had no paralysis of the 
ulnar nerve, a complete nerve lesion appeared after manipulation had been attempted, 
and lasted for several months. Clarke also refers to patients showing a more profound 
degree of (taralysis of the ulnar nerve, following manipulative reduction. 

Reduction of the incarcerated medial 
epicondyle was carried out in the last six 
cases in the following manner; The patient 
was anaesthetized, the forearm genth' ab- 
ducted on the humerus, and faradism applied 
to the fle.xor muscles with the wrist held in 
extension. In all eases the displacement of 
the medial epicond}'le was thus easity re- 
duced, and subseciuent treatment was carried 
out as for a simple epicondyle fracture. The 
SIX patients in whom reduction was achieved 
by faradism were, of course, all early cases. 

In only one instance had the duration of the 
injurj- been five days; in this case, a strong 
continuous faradic contraction was required, 
and an audible click was heard as the epicon- 
dyle left its lodgment against the coronoid. 

Figure 2-B shows the roentgenogram after reduction by faradism. The subluxation has 
simultaneously disappeared. The medial epicond 3 de is no longer visible at the joint level 
in the lateral roentgenogram. 

Should faradism not be available, manipulation is more likety to be successful under 
very fight anaesthesia than under deep anaesthesia. 

The t/iird problem was how to treat a patient whose injurj'- had been unrecognized for 
five weeks or more. As already stated, the usual method is to operate, extract the frag- 
ment, and bj’^ the exercise of extreme force and possiblj’’ division of the remaining joint 
ligaments, reduce the subluxation. Such treatment usualty results in extreme and perma- 
nent limitation of elbow movements. There is one suggestive point which can regularl}^ 
e observed in the pathological changes in these cases. At operation, the raw bom^ surface 
of the epicondjde is found to be firmly adherent to the coronoid process; when the epicon- 
yle has been removed, erosion of the articular cartilage on the coronoid is evident. The 
muscle and periosteum-covered parts of the medial epicondjde in contact with the troch- 
ea, however, produce no such reaction. Xo adhesions form between these two apposing 
surfaces, and erosion of the trochlear cartilage does not take place. 

This pathological observation suggests that better results might be obtained in late 
cases by leaving the epicondjde incarcerated in the joint, ilechanicalljq the presence of 
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Fig 3 

This patient had a fracture of the medial epi- 
condyle, displaced into the elbow joint, and in- 
advertently left unreduced. Thi® photograph 
shows motion possible five j'ears after mjury. 
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the cpicoiidylc in (he medial comiiarlment of the joint renders the snbluxation stable 
(see Figure 1-B). If the epieondyle is removed from the joint hy operation, and the sub- 
luxation cannot be redueed (as is sometimes the ease), a rather unstable joint results. 

This line of consei’vative treatment was inadvertently earricrl out in a lad who sus- 
tained his initial injury in 1940. Me was not seen again until 1945. By that time theme- 
dial epieondyle had become fused to the eoronoid pi'oeess, and Figure 3 shows how excel- 
lent were the patient’s elbow movements. Me still had a jiartial jiaralysis of the ulnar 
nerve, which, incidentally, was due to eonstrietion of the nerve by a fdirous band. At op- 
eration on the nerve, the interior of the joint and the epieoruiylar fragment were seen to 
be covered by a smooth layer ol what appeared to be fibrous tissue. The articular car- 
tilage of the trochlea showed no erosion, and no intra-articular adhesions were present. 

A bony fusion of the fragment to the eoronoid, however, does not always occur. In 
another case of unreduced fractun', seen eighteen years after the injury, there was only 
a fibrous union to the eoronoid, but, although marked osteo-arthritic ma.^-’ses of I)onc had 
tormed at the sides of the joint, function w.as even Ix'tter than that shown in Figure 3. 

The jourlh problem was how to deal with the associated paralysis of the ulnar nerve. 
The nerve is damaged by traction, and it would .'^eem that it should recover at least as 
readily in its normal bed as in a new course marie for it in front of the elbow. The one 
argument against leaving the ulnar nerve alone is that friction with the rough edge of the 
bone in the cjhcondylar groove may result in permanent ebanges in the nerve or, even if 
recovery occurs, may give rise to a late ulnar neuritis, ^^■hon such jiaticnts arc operated 
upon, however, no sharj) bony edge is apparent in the cpicondylar groove, the base of the 
groove being covered with smooth fibrous tissue. Furthermore, if the possibility of such 
damage existed, one would expect to find a delayed lesion of the ulnar nerve in at least a 
proportion of the numerous cases of simple fracture of the epieondyle observed in children 
or in adolescents. The author has never encountered a late ulnar neuritis following such 
an injury, and Seddon, in the Pcriidicral Nerve Unit at Oxford, could find among his rec- 
ords no case of late ulnar neuritis following an uncomplicated fracture of the medial epi- 
condyle in adolescents. It seems, thci-eforo, that fracture of the medial ej)icondyle by it- 
self rarely, if ever, gives rise to ulnar neuritis. Late ulnar neuritis may occasionally follow 
such an injury associated with dislocation of the elbow, but in this instance it appears to 
be the soft-tissue damage and the ensuing scarring which cause the neuritis, rather than 
friction in the epicondylar groove. 

In the author’s cases of incarceration of the medial epieondyle associated with a lesion 
of the ulnar nerve, the nerve was left alone and, in all but one instance, recovciy occurred 
within a year. In the one exception (Fig. 3), the ])crsisting nerve lesion was found at op- 
eration to be due to constriction by a fibrous band one-half inch above the level of the 
medial epieondyle. 

When the medial epicondyde remains permanently in the joint, a late ulnar neuritis 
may result, due to subsequent osteo-arthritis and the persistent cubitus valgus deformity, 
and an anterior transposition of the ulnar nerve may be necessaiy. 


SUMMARY 

1. In cases of fracture of the medial epicondyde with displacement into the elbow 
joint, diagnosis often rests mainly on the roentgenogram. A satisfactoiy anteroposterioi 
view may be difficult to obtain, but if, in the lateral roentgenogram alone, the epieondyle 
can be seen at the joint level, it may'- be regarded as being in the joint. 

2. Reduetion in early cases can easily be accomj)lished by anaesthetizing the patient, 
gently abducting the forearm on the humerus, and applydng faradism to the flexor muscles. 

3. Cases unrecognized for more than a few wmeks are probably'- best left alone an 
not subjected to operative reduction. 

4. Immediate anterior transposition of the ulnar nerve is unnecessary. 
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CONTRACTURE OF THE SC.ALEXUS ANTERIOR, CAUSING ANEURYSMAL 
VARIX OF RIGHT INTERNAL JUGULAR VEIN 

A Case Report 

M. JOHN ROWE, JR., M.D., LONQ BEACH, CALIFORNIA 
From the Tichenor Orthopaedic Clinic, Long Beach 

The scalene syndrome is an interesting diagnostic problem. Neurological and vascular 
disturbances in the upper extremity may be caused by pressure from a contracted scalenus 
anterior muscle on the underlying brachial plexus cords and subclavian arterjL 

Possible etiological agents are congenital, associated with ceiwical rib; traumatic, 
following apparently minor strain; and neurological, when eAudently secondarj’’ to cerTTcal 
nerve-root irritation. Common sequelae are peripheral neuralgia and circulatorj’ defi- 
ciency in the upper extremity. 

H. A., a white female, thirty-eight j-ears of age, was first seen on Ma 3 ' 7, 1945, and gave a histon,- of 
pain in the right shoulder of insidious onset ten months before, progressir'eh" becoming more severe. 
There was no definite historj- of trauma. Treatment elsewhere for bursitis of the shoulder bj' phj-sio- 
therapj' and anaesthetic injection had given no relief. The woman had been forced to give up her 
occupation as a beautj'-shop operator; she became verj' apjprehensive about her condition, and developed 
an apparenth' unrelated axillarj' dermatitis which was identified bj' a deimatologist as seborrheic in tj'pe. 
There were no objective neurological or circulatorj’ signs in the extremit 3 -. There was palpable tightness 
of the scalenus anterior, with radiated pain in the shoulder and arm when pressure was sustained. Roent- 
genograms revealed a normal cervical spine. 

Surgical exploration was performed on June 5, 1945, and, after retraction of the lateral margin of 
the sternocleidomastoid, a sac containing fluid expanded into the incision. This proved to be a saccular 
nilatation of the internal jugular vein, about three centimeters in diameter. The vein was ligated above 
and below the sac, which was excised, exposing the right Ij-mphatic duet and the scalenus anterior. The 
muscle Was definiteb' tight and somewhat thickened; sC) it was sectioned above its insertion. After 
closure the wound healed well, there was complete relief of ^-mptoms, and no erridence of vascular 
insufficienc 3 \ Microscopic section added nothing to the gross diagnosis of aneur 3 -smal varix. 

This case presents apparent interference with the venous flow in the right internal 
jugular A'ein by compression of the scalenus anterior, causing an aneur3'smal dilatation of 
the vein in the base of the neck. The right internal jugular vein is the larger and normally 
deviates farther laterally than its associate, the carotid, at the base of the neck. Appar- 
ently in this instance the junction with the subclavian x'ein to form the innominate was 
more lateral than usual, allowing the pressure frqm the scalenus anterior. 
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SURVIVAL OF THE HEAD OF THE RADIUS IN A CHILD AFTER REMOVAL 

AND REPLACEMENT 


BY J. ALBEUT KEY, M.D., ST. LOUIS, MISSOURI 

Frnm ilic Department oj Surgery oj the Washington University School oj Medicine, St. Louis 

In a paper published some years ago it was emphasized tliat the liead of the radius 
should not bo removed in children, as its removal would interfere with the growth of the 
forearm.^ The Avritcr had not prcviouslj^ seen a head of the radius which was completely 
detached and which then was replaced and survived, nor has he observed a report of 
aity such case. 

On March 11, 1914, a bo 3 ', eleven 3 ’ears old, was brought into tiic Hospital on account of a fracture 
of the proximal end of the radius. According to the histoiy, the elbow had been dislocated, and the 
dislocation had been reduced on the previous da 3 ’. However, the head of the radius was displaced in the 
posterior portion of the joint. The i)atient was operated upon the following da}’, approximatol 3 r fort 3 ^- 
eight hours after his original injuiy. 
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Fig, 1 

Dislocation of the head of the radius. Preoperative and postoperative views. 
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Fig. 2 

Anteroposterior and lateral views of the same elbow about thirteen months later. Function 

is approximately normal. 

The elbow joint was opened by a posterolateral incision, extending from the epicondyle of the 
humerus downward along the anterior border of the anconeus. The head of the radius was found in the 
posterior portion of the joint behind the external condyle (Fig. 1). It was completely free, and was lifted 
out with toothed forceps and placed in a towel on the instrument table. The stump of the neck of the 
radius was then exposed, and the head was replaced in approximately its normal position. The elbow 
was flexed to 90 degrees, and the soft tissues were .=utured around the head. The fragment of the head 
included the epiphyseal line. The wound was closed, and the elbow was immobilized in a posterior 
plaster mold. The patient left the Hospital a few days later, and the convalescence was uneventful. 
Immobilization was continued for eight weeks, at the end of which time the cast was removed, and the 
patient was advised to use the arm with care. 

He returned for a check-up examination a little over thirteen months after the operation. Move- 
ment of the elbow was almost normal, there being approximately 5 degrees’ less extension than on the 
normal side. There was no pain; the arm seemed strong; and there was satisfactorj- growth of bone, 
although the late roentgenograms (Fig. 2) showed an irregularity of the epiphj'seal plate. 

This case is reported because it is a clinical example, supporting the statement that 
epiphyses should not be removed in children. If the epiphyses are found to be displaced, 
they should be replaced, because they may survive, even though they are completely 
without blood supply. 

1. Key, J. a.; Treatment of Fractures of the Head and Keck of the Radius. J. .Am. Med. Assn.. 9G: 

101-104, 1931. 
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SEVERE PELVIC FRACTURES TREATED BY FIXED SKELETAL TRACTION 

Repoht of a Cask 

ny MAJOR J. D. FARRKVG'rOX 
j\I cdicnl Corps, Artuy of I he I'nitcd Slates 

Pelvic fractures arc usuallj’’ treated satisfactorilj’- either in a canvas sling with con- 
tinuous traction, as described by Key and Conwcll, or by ])lastcr fixation after reduction. 
The reduction may be accomplished by lateral recumbency, according to the method of 
IVatson-Joncs. 

Occasionally one is confronted with multiide fractures, in which the entire half of the 
pelvis has been displaced medially. Some method of forceful lateral traction must be 
applied to reverse the com]u-cssivc force which ju-oduced this type of injury. The prob- 
lem is similar to that encountered in central dislocation of the head of the femur. Con- 
tinuous lateral traction has ju'oduccd good results in reducing the fracture, /but requires 
long recumbency, constant surveillance, and a gi-cat deal of nursing care. 

Immediate reduction and immobilization of fractui'es in plaster-of-Paris is the ideal 
treatment when such factors as transportation over long flistances, or the strain on hospital 
and nursing facilities in overseas hosjutals, must be considered. When continuous traction 
is cmplo3'’ed, puhnonaiy complications, decubitus ulcers, and phlel)othrombosis are con- 
stant threats, unless individual nursing care is instituted. 


ca.se report 

A white soldier, aged twenfy-tlireo years, was injured on Fclniiary 1, 19-14, when he fell from a 
control tower at a base in the South Pacific .area. The .soldier was descending a vertical wooden ladder, 
wet with rain, and slipped at a measured height of fifty-two feet, falling free to strike a packed coral 
surface. The full inpiact of the fall was concentrated against the right trochanter. On admission to the 
hospital, thirt.v minutes after the injury, the patient was in a state of moderate shock, and complained 
of severe pain throughout his jielvis and lower back. This was increased by any movement of his lower 
extremities. Roentgenograms (Fig. 1) revealed muttii)ie fractures of the pehds with anterior rotation 
and medial displacement of the main fragment, con.sisling of the greater jjart of the ilium, the acetab- 
ulum, and the ischium. The iliac fracture was i)arallei to the sacro-iliac joint. There was boardlike 
rigidity of the entire abdomen, with exquisite tcnderne.ss over the bladder. .4)?proximateIy 250 cubic 
centimeters of blood.y urine wore obtained by catheterization. The surgical consultant explored the 
bladder, repaired a tear at its base, and inserted a largo supra])ubic de Pezzer catheter. A urethral cath- 
eter was also inserted. The general condition of the patient jjrevented any immediate definitive treat- 
ment of the fractures. He was put to bed, and skin traction was applied to the widcl}’ abducted right 
lower extremitJ^ Three transfusions of whole blood, each of 500 cubic centimeters, were given during the 
first six days. Pain was severe and constant, and nur.'^ing care was a problem. 

After consideration of the roentgenograms, fixed lateral skeletal traction and immediate plaster im- 
mobilization were decided upon. To this end, the apparatus pictured in Figure 2 was set up. The skele- 
tal reduction frame was placed transversely on the operating table, with the portable fracture table 
placed over it on a narrow wooden platform, just high enough to allow the entire reduction frame to be 
mo\'ed freely in an}^ direction. 

Fourteen daj^s after the injuiy, when the patient’s general condition had improved a good deal, he 
was gi^’en a general anaesthetic, and a femoral twin-pin unit was inserted into each trochanter. The pa- 
tient was then placed on the fracture-table saddle, and the twin-pin units were fixed in the fracture 
frame. Satisfactoiy reduction was obtained by traction on the right femoral twin-pin unit, aided by 
manual pressure against the right iliac crest. With this method, the traction was against the fixed left 
side of the pelvis, and, after reduction, the right side could be locked in place. A double hip spica cast 
was applied from the costal margins to the toes, because it was believed that the patient would be more 
comfortable with the hamstring muscles immobilized. 

The change in the general condition of the patient was gratif 3 dng. Whereas, prior to immobiliza- 
tion, frequent doses of morphine were necessaiy to control pain, none were required after the applica- 
tion of the cast. The patient was turned eveiy two or three hours with no discomfort, and nursing re- 
quirements were reduced to a minimum. 

The patient was scheduled for evacuation one week after application of the cast, but this had to be 
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Roentgenogram of pelvis after patient had fallen nfty-two feet. 


Fig, 2 Combination apparatus set up for reduction of fractures. Arcs of the reduction frame are 
turned longitudinally. Entire reduction frame may be moved in any direction, beneath the support 
lor the fracture table, to facilitate engagement of the femoral units. 

Fig. 3; Surgical technician demonstrating position of patient in the apparatus. 
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Fig. 4 

Roentgenogram of pelvis fifty-seven daj’s after reduction of multiple fractures. Pelvic ring 
and contour of right ilium restored. 


postponed, because of the development of acute pyelitis with high temperature. This complication 
cleared up with adequate therapy, and did not recur. 

On March 14, 1944, four weeks after reduction of tlie fracture, tlie patient began to complain of 
pain when turned, due to looseness of the cast from loss of weight. He was again placed on the frac- 
ture table with the twin-pin units locked in the reduction frame to maintain position; tlie old cast 
was removed, and a double hip spica cast to the knees was applied. A basal anaesthesia, consisting of 
one-quarter grain of morphine and 1/150 grain of scopolamine, was adequate for this procediu’e. 

On March 26, the patient was evacuated in plaster; at that time he was comfortable, afebrile, and 
was voiding urine spontaneously. The suprapubic wound had healed. Roentgenograms (Fig. 4), taken 
on April 12, 1944, while the patient was still in the second cast, revealed that reduction had been main- 
tained. At the time of last correspondence, the patient was out of plaster, but not jmt ambulatoiy. 
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TRICHIXOSIS AS A CAUSE OF IMERALGIA PARAESTHETICA 

BY HAROLD H. COHEX, M.D., XE\V YORK, X. Y. 

From Ihc Belli David Hospital, X etc York 

^Icralgia paraesthetica was first described by Bernhardt in 1895. The clinical syn- 
drome is one of paraesthesia, pains, and some objective sensory loss over the anterolateral 
aspect of the thigh, which is believed to be the result of a hyperplastic reaction of the 
nerve sheath of the external femoral cutaneous nerve. The sensoiy disturbances consist of 
various forms of paraesthesia of the outer side of the thigh, sometimes with diminished 
sensation or hypacsthesia. The symptoms may persist for j'ears and produce a good deal of 
discomfort, exaggerated by walking or bj' the touch of clothing. The disease has been con- 
sidered a neuritis, which originates in the nerve wlien it passes under the inguinal ligament, 
deep and just medial to the anterior superior iliac spine. The condition is said to occur 
more frequently in men; in 1900 IMusser and Sailer collected ninety-nine cases, of which 
seventy-five were in men. A large number of cases are attributable to single or repeated 
trauma to the nerve, such as pressure from a belt or corset over the anterior superior spine. 
Pregnancy and obesity are mentioned among tbe causes, as well as static disturbances, 

. such as weak feet. 

The peculiar anatomical location of the lateral femoral cutaneous nerve in its passage 
over or under the sartorius muscle, as well as its proximity to the anterior superior iliac 
spine, renders it extremely susceptible to compression from any lesion of the sartorius or its 
fascia. Thus in the majority of cases, an abnormally placed fibrous band may be respon- 
sible for the pressure neuritis. The case to be reported disclosed such a fibrous band, 
which on microscopic study proved to be caused by trichinosis. Further investigation not 
only revealed the probable time of invasion of the trichinae, but also gave a positive in- 
tradermal test. Although a survey of the literature revealed myositis to be a constant 
finding in trichinosis, its possible relationship to meralgia paraesthetica has not hereto- 
fore been mentioned. Clinically, the muscles most affected by the migration of the larvae 
through the blood stream are the gastrocnemius, deltoid, biceps, and those around the eye; 
less often the muscles of the diaphragm, abdominal wall, and thorax are affected ; rarely, 
but of greater seriousness, the intercostals, muscles of mastication, deglutition, and speech, 
and occasionally the cardiac musculature, are involved.- 

CASE REPORT 

_ a male, aged forty-two, was first seen by the author on October 13, 1944; the patient com- 

plained of coldness and numbness of the anterolateral aspect of the right thigh of four years’ duration. 
The complaints were preceded by “pins and needles” and bj’ hot and cold sensations over a small circu- 
lar area of the distal and outer portion of the thigh. The paraesthesia would last for about half an hour, 
subside, and then recur at variable intervals. At first the sjuriptoms were most noticeable at night and 
interfered with sleep, but they were soon followed bj' paraesthesia during the da 5 '. Walking increased 
the severity of the pain and the number of attacks. After one year of the paraesthesia, the patient first 
noted numbness of the greater part of the outer thigh. The numbness was present chiefij’ on arising in 
the morning; by night the patient was tormented with sensations of pins and needles and hot and cold 
ushes over the anterolateral aspect of the thigh. The numbness soon became steadj' bj' day, and was 
the chief complaint when the patient was first seen by the author. In addition to the large area of 
numbness, there was a smaller area of “burning”, located several inches below the anterior superior 
spine, so that even the rubbing of clothes against the skin became painful. 

The past history was interesting in that five years before, after eating pork, the patient had be- 
come quite ill, with fever and diarrhoea. 

The phj-sical examination revealed a well-developed muscular male, who appeared to be in excel- 
ent general health. Examination of the right thigh revealed normal musculature and muscle tone. 
Xnere was no restriction of motion in the hip. knee, or ankle. The peripheral circulation was unim- 
paired. The abdominal examination was entireb' negative. Gross neurological examination revealed 
marked hypacsthesia to pinprick over the anterolateral aspect of the thigh, corresponding to the dis- 
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tribtilion of tlic o.\(oi'nal culancoiis nerve. Prc.ssiiro over (In's nerve, innnediafely holou’ (lie an(crior .su- 
peviov iliac spine, vesnUod in pain, radiating down (he eonr.se of (he nerve. Ankle jerks nnri knee rc- 
flo.xes were unimpaired, and no abnormal reflexes eonid be obfained. 

EociKgenograiiliie c.vaminadon of (lie pelvis and rigid femur failed (o disclose an osseous le.sion. 

On December 2, 1014. with novocaine infdlration anaesthesia, the superficial and dee]) fascia of the 
thigh were exjiosed through a six-inch hockej'-stick incision, exteiuling for three inches along the .ante- 
rior crest of (he ilium (o (he anterior siiiierior .s|)ine. aiul (hen distally for an additional (luce inches. In- 
cision of (he dco]) fascia disclosed (lie interval between (he sartorius and tensor fasciae latac, revealing 
(he lateral femoral culaneous ner\’o. This was (raced jiroximally to (he anterior su])crior iliac spine, 
where it was found rather deeply jilaced in (he osseous hollow immediately below the .siiine. Here (ho 
nerve was markedly encroached u])on by a thick fibrous liand. The band was in intinude contact with, 
and appeared (o be jiart of, (ho inferior .surface of the .sartorius. .V jirobe. which was pa.sscd proximally 
along the nerve, was stoiiiied by the den.so constriction. The fibrous band was carefully excised, reveal- 
ing a thinned .scgmcu( of (he nerve. .-Vt this jioint (he iiatient excl.aimed that (he numbne.ss of (he thigh 
had di.sapjieared. .A probe coidd now be pa.ssed easily benealli the inguinal ligameid. Closure was per- 
formed. using jilain catgut for the subcvdanoous tissue and silk for the skin. An alcohol dressing was » 
applied, and was o\-eriai(l with several gauz(' bandages for iire.ssiire. 

At biojjs.v. (he gro.s.s sjiecimen consisted of a sm.all fragment of striated mu.scle and intcr\'cning 
fibrous ti.ssue, mea.suring 1.5 centimeters in length and 0.5 centimeter in widtli. 

illicro.scoiiic.'dl)-, (he section rcr'ealed mu.scle fibers, which were partly fragmented and showed .signs 
of degeneration and filirosis. Ikart of (he mu.scle was entirely rejilaced by fibrous ti.ssue. There was in- 
creased fat tissue lietween the muscle fibers. Numerous cysts of TrichincUn spiraltH were scattered 
throughout (he .section. None of the cysts were c.alcified, and there was no cellular infiltration around 
the cysts. 

Laboratory findings after (he oiieration revealed a imsitive skin test for (richinosi.s, and a negative 
precipitin test. The comiilctc blood count .showed a hemoglobin of 97 jier cent.; red blood cell count 
4,930,000; white blood cell count 13.600; color index 0.99; total iiolymoridionuclear neu(rophil.s 66 per 
cent., of which 59 jier cent, were .segmented and 7 per cent, were non-.segmented ; co.sinophiks 4 jier cent.; 
basophils 1 jicr cent.; lymphocytes 25 per cent.; and monocytes 4 per cent. There were no abnormal 
blood cells. 
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Fig 2 

High-po«ei view of cyst of Tnchinella spiralis. 



Fig 3 

High -poiNcr \icw. showing mu-cle degenorjtion and fibro-fatty replacement of mii-cle. Note 
absence of round-cell infiltration. 
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The diagnosis was cliroiiic ril)roiiK inyositi.s and (rirliinosis. 

Tile ]ioHto]K'rati\’(’ conrsp w.as coniiilifaled by (lie dcveloiiinenl. of a licniatoina, wliicli delayed 
healing for several weeks. The imlient, was Iasi .seen four months after ojicration, and stated that the 
numliness of tlie thigh liad almost eomiilctel.v .subsided, and that there had been a return of normal 
tem])craturo sen.sations to the thigh. Object ivcl.v, the hyiiaesthesia to i)in])rick had completely disap- 
peared, with the c.xTcption of a .small jiatch, the .size of a fifty-eent jiieec, immediately below the an- 
terior superior sihno. 

Noth: The autlior wishes to oxpre.ss his !ippreci!ilion to Dr. Oudeman, of the Department of Pa- 
fholog.v, for a.ssistance in the interpretation of the pathological material. 


m:KE«ENCE.S 

1. BniiXii.-uniT, M.: Uebcr isolirt im Oebiele des X. cutaimous femoris e.xternus \-orkommende Pariis- 
thcsien. Neurol. Ccntralbl., 14: 242-2-M. IStD. 

2. K.\ufm.\x, R. E.: Trichinia.sis: Clinical Con.siderations. Ann. Int. Med.. 13: 1431-14G0, 1940. 

3. Mussna, J. H., .\xi) Saii.i:ii, .1.: Meralgia Paresthetica (Roth), with the Rejiort of Ten Cases. J. Ner 
and Ment. Dis., 27: lG-40, 1900. 


THE JOURXAL OF BOXE AXD JOINT SUROERI 



LOCALIZED COCCIDIOIDOIMYCOSIS OF BONE 

Report of a Case 

BY CAPTAIN' M. L. GOREN' 

Medical Corps, Army of the Untied Slates 

Coccidioidomycosis, or infection caused b}’’ the Coccidioides immitis, Avas first de- 
scribed bj' Rixford and Gilchrist in 1896. Tlie fungus producing this infection is diphasic. 
In the saprophytic phase, it consists of septate hyphae, which appear white and cotton}^ 
on solid media, and become ]figmented with age. The infective portion of the fungus pre- 
sumably occurs in nature in the form of chlamydospores. In the parasitic phase in ani- 
mals, the fungus is made up of sporangia, or spherules.^ In the living organism the chlam- 
-ydospores round up into spherules, and cleavage planes divide the protoplasm into seg- 
ments, which develop into endospores within the double retractile wall. Mature spherules 
ma}’ vaiy from ten to si.xty microns in diameter, or ma}' e-\'en be as large as 200 microns 
in diameter. The endospores may be arranged radially, or gi-ouped in the center. The 
spherule wall ruptures, and releases the endospores to spread in the animal and grow into 
mature spherules. Spread in the animal is by way of the blood stream or the lymphat- 
ics. In nature, the fungus is limited to certain arid regions. Its host is unknown, although 
Emmons suggests a rodent reservoir. 

The problem of coccidioidomycosis has been emphasized in the present war, due to 
the training of a large number of troops in the arid Southwest, where Coccidioides im- 
mitis is endemic. The disease has protean manifestations, and has both immediate and 
latent effects on the infected host. 

Smith ■ divides the disease into the following categories : 

1. Initial or primary^ infection: 

(a) Inapparent or asj^mptomatic form; 

(b) Acute respiratory, “influenzal”, or “pneumonic” form; 

(c) Either of above types associated with eiydihema nodosum, or multiforme 
(known as “San Joaquin fever”, “Valley fever”, “desert fever" or “desert 
rheumatism”) ; 

(d) Pulmonary cavity form. 

2. Progressive, “secondary”, disseminated infection (usually fatal, known as coccidi- 
oidal granuloma, clu’onic granulomatous coccidioidomycosis, “San Joaquin Vallejo 
disease”, or “California disease”) . 

Smith further states that the respiratory tract is the only significant portal of entry, 
but that: “Occasional infections have been credited to abrasions”. Perhaps one infection 
in 500 or 1,000 develops into the disseminated form. When this does occur, the results are 
disastrous. Eveiy^ attempt should be made to localize the disease b 5 ^ rest, until clinical 
und laboratory findings show that the infection is being well controlled. 

In coccidioidomycosis, giant cells and caseation occur, not unlike those seen in tuber- 
culosis; it can be distinguished from tuberculosis only by the finding of the double-con- 
toured spherules. Carter states ® that bony lesions are usuallj’- multiple, involve cancellous 
bone, and are frequentty associated with considerable new-bone formation, as well as 
■^uth destruction of bone. An individual lesion is rarelj’’ distinguishable from that of tu- 
berculosis.^ 


REPORT OP A CASE 

A twenty-two-year-old negro soldier was admitted to Tomey General Hospital on Maj- 12, 1944, 
for treatment of an infection of the index finger, which had persisted for five months. The patient cut 
his left index finger on Januarj' 1, 1944 on a jagged tin can, while doing kitchen police as a patient at 
a numbered General Hospital, during desert training, near Indio, California. He was receiving treat- 
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I'lG. 1 

Roentgenogram of left index finger, taken June 3. IDM. (T. .S. Army Signal Corps.) 


ment for infectious jaundice at tliat time. The finger became .swollen and .stiff. The patient was treatec 
with saline soaks for several weeks, and, after llie .‘-welling had paitially subsided, was discharged tc 
continue liis duties as a dri\-er of a weaiions carrier. Some swelling and stiffness in the index finger per- 
sisted, and about Maj' 1, 1944, the skin on the donsum of the middle i)halanx broke open, and a purulent 
material was discharged. Tlic patient was tJien .<cnt to the Hospital. 

E.xamination upon admission to Torney General Hospital revealed a well-developed male negro, 
who was five feet, ton inches in height, and weighed 155 jiounds. The examination b}’’ sA'stems was 
negatir’o for abnormalities, except for the left index finger. Tin’s rci'ealed a swollen middle phalan.x 
with brawny induration, and a small two-millimeter sinus on the dorsum, which was discharging a thin, 
purulent material. The joint movements in this finger were normal and painless. Cultures were taken 
from the draining sinus, and were reported as hemol.ytic Staphylococcus aureus and Staphylococcus al- 
hus. Cultures for fungi showed a Microsporon, which was not further identified. 

The roentgenographic examination (Fig. 1) revealed a localized destruction of cortex, and invasion 
of the medulla of the middle phalanx of the left index finger, with very little osseous regeneration. The 
epiph 3 fseal ends of the bone were free from involvement. 

For four weeks sulfonamides were given orallj^ and hot wet dressings were applied to the finger, 
without improvement. On June 9, a jfiastic amputation of the index finger, through the liead of the 
proximal phalanx, was performed under ether, nitrous o.xide, and ox 3 ’gen anaesthesia. The uninvolved 
volar slcin over the middle phalanx was utilized as a long flap to close the end of the amputation stump. 
The sutures were removed after tweh'e da 3 '^s, and the wound healed by first intention. The patient 
was given active ph 3 'siotherap 3 '^ for the finger, and Avas discharged to dut 3 ’- on JuR^ 22, 1944, after a pro- 
gram of thorough reconditioning. 

Specimen No. 1326 was sent to the Arm 3 ’- Medical Museum, Washington, D. C., for e.xamination. 
The pathological report of Lieutenant Colonel Hans F. Smetana was as follows: 

“Gross Specimen: The specimen consists of two distal phalanges of the left index finger, measuring 
5 by 2 b 3 '' 1.5 centimeters. The finger is SAVollen. On the dorsal surface, there is an ulceration measuring 
one centimeter in diameter, whose edges are indurated. The center shows granulation tissue, and a 
small amount of 3 mllowish-white purulent material. The nail is intact. The skin of the volar surface of 
the medial phalanx is missing. 

“Microscopic Specimen, Section A : This section shoAVs a sinus tract AAdiich leads through an ulcera- 
iion of the surface epithelium into the corium and subcutis. The squamous epithelium at the margin 
)f the fistula is irregularly thickened and its rete pegs e.xtend into the corium. The sinus tract is lined 
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Fig. 2 

Amputation stump, two weeks after operation. {V. S. Army Signal Corps.) 


by a granulation tissue which is infiltrated with Ij-mphocytes, plasma cells, eosinophils, and a few poly- 
morphonuclear leukocytes. In the granulation tissue are seen tubercles, which are composed of epi- 
thelioid cells and giant cells of the Langhans type. There is no caseation. Branches of the sinus tract 
run perpendicular to the main course. One of these branches appears to contain caseous material, and 
it is lined by numerous small tubercles. In another area, solitarj- and conglomerate tubercles are scat- 
tered through the corium and through papillarj- bodies. Accumulations of pob’morphonuclear leuko- 
cytes are encountered in some places. Infiltrations, composed of banphocytes and plasma cells, have 
occurred in several situations in the conum, and in the subcutis, and are sometimes quite conspicuous 
about vessels and skin appendages in the deeper laj-ers of the corium. A medium-sized vein in the wall 
of the sinus tract shows complete obliteration of its lumen by fibrous tissue of the thickened wall. 
Within the tubercles are seen verj’ occasional spherical bodies with a double-contour membrane; their 
shells are sometimes indented. Xo contents of these bodies can be made out. 

“T. B. Stains: Xo acid-fast organisms are seen. 

“Section B: Except for mild lymphocytic infiltrations in the corium, there are no pathological 
changes. 

“Section C: This represents a cross section through the second phalanx of the index finger. The 
skin surface shows an ulceration leading to a sinus tract, which reaches the periosteum of the middle 
.iony phalanx. The entrance to the sinus tract is lined by squamous epithelium, continuous with that 
of the epidermis. The tract itself is lined by granulation tissue, and contains fibrinopurulent e.xudatc. 
In this exudate are seen several spherical bodies, which are surrounded by a colorless hyaline, double- 
contoured membrane, and contain a bluish granular material, and vacuoles. Within the bone marrow 
there is a large area which is composed of tubercles, made up of epithelioid cells and Langhans’ giant 
cells. The center of this area shows necrosis, resembling caseation. Within this material, as rvell as 
within some of the giant cells, are again seen spherical bodies with a double-contoured refractive mem- 
brane containing bluish granular material. The remaining portion of the bone marrow of the phalanx 
IS mainly fibrous in character, and contains but a few islands of hematopoietic cells. There is moder- 
ate activity of osteoblasts in some places, and o.steoclasts are occasionally .‘^ecn in lacunae. 

“Section D ; It represents a longitudinal section through the two terminal phalanges. The skin .sur- 
face is intact. In the subcutis of the dorsal aspect is seen an area of necrods. surrounded by tubercles 
and granulation tissue. Xo spherical bodies are, however, encountered in this region. Within the bone 
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marrow arc several conglomerate tubercles, composed of ei)illK'lioi(I cells and Lnnglians’ giant cells. The 
central portion .shows nccrosi.s. Sc^’cral spherical bodies with a doublc-contourcd membrane, but with- 
out bluish material in the center, are pre.sent. Tlie remaining bone marrow is partly fibrous in charac- 
ter and also shows areas of serous atrophy of the fat tissue. Hematopoiesis is minimal, and there is 
mild activity of the osteoblasts. The joint cavity between the two phalanges appears unchanged. 

“iYotc: The non-budding spherical bodies in the exudate are compatible with .spherules found in 
coccidioidal granuloma. The circumstances of the infection, Jiowever, arc imu.sual in that it seems to 
have occurred after injury of the finger duo to handling of a tin can. Since there is no otlier demon- 
strable localization of coccidioidomycosis, the ca.se is interpreted as iirimary coccidioidomycosis of the 
finger, secondary to a superficial cut or abrasion, and progre.ssing to the deeper ti.s.sues, and into the bone 
marrow, with fistula formation.’’ 

After the pathological examination disclo-sed Coccidinidcx in the ti.ssues, a coccidioidin .«kin test and 
complement-fixation test were done. Tlie.se tests were found to bo positive. 
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BILATERAL SLMULTANEOUS DISLOCATION OF THE SHOULDERS 


Report of a Case 

BY CAPTAIN THEODORE A. LYNN, Medical Corps, Army of the United Stales 
AND COLONEL LEONARD T. PETERSON, Medical Corps, United Slates Army 

Simultaneous bilateral dislocation of the shoulder joints is rarely seen. Only seven 
such cases have been reported since 1930, and information on one other case was gained 
by personal communication. In 1929, Drejmr reported fifty-seven cases, including one of 
^his own, gleaned from the world’s literature from 1846 to 1927. This makes a total of only 
sixty-five known cases in nearlj' one hundred years. iMost of these patients have had acute 
' dislocations, which were reduced within a short time after the injurjL At least nine of the 
reported cases occurred during some kind of con\'ulsive seizure. The remainder were the 
result of ordinarj’’ traumatic incidents. Coover’s case was not recognized early, and reduc- 
tion could not be accomplished bj^ conservative methods. Open replacement was not con- 
sidered, because of the patient’s age and phj'sical condition. By means of traction and 
manipulation under anaesthesia, Leadbetter was able to reduce bilateral dislocations which 
had been present for one month in a muscular negro male, and he obtained a good functional 
result. 

The following patient, who was seen more than two months after his injury occurred, 
required open reduction and repair of both shoulders to obtain a satisfactory result. The 
authors know of no other case treated in this manner after such an interval. 

CASE REPORT 

A navigator of a medium bomber, aged twenty-five, sustained subcoracoid dislocations of both 
shoulders when his airplane crashed in a remote overseas region on April 18, 1942. He was propelled 
forward between the seats of the pilot and the copilot, and his shoulders were driven hard against the 




Fig. 1 

Roentgenogram made eight weeks after injurj-. Note dense soft-tissue calcification lateral 
to upper humeral shaft on right. 
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l'"iG. 2 Fig. 3 

Photographs ciglil wcoks after injury, showing lyihcal syininofrieal deformity of sliouklcrs. No 
voluntary motion was jiossilile. 


seat backs, as the plane struck the water and overturned. No treatment other than first aid was available 
until June 16, 1942, when the patient arrived in the United States and was admitted to Walter Reed 
General Hospital. Since the muscles of both shoulder regions had undergone marked atrophy, the 
diagnosis of bilateral dislocation was readily made on clinical examination. The roentgenograms (Fig. 1) 
confirmed the presence of subcoracoid dislocation of both .‘•houlders, fracture of the left greater tuberosity, 
and calcification in the torn shoulder-joint cap.sulc on the right. There was some atrophy of the intrinsic 
hand muscles inncr\'atcd by the ulnar nerve on the left, and minimal ulnar hyi)aesthesia was present. 
At the time of admission, there was no axillary nerve jjaralysis, nor other nerve or vascular injurv. 

In view of the long duration of the dislocations, which rc.«ultcd m bone atrophy and contraction of 
soft tissues, reduction b.y closed manii)ulation was not attemjited. On June 19, open reduction, together 




/ 


Fig. 4 


Fig. 5 



Fig. 6 Fig. 7 

Roentgenograms of shoulders at rest, and at limits of abduction, two 3 ’'ears and nine months 
after open reduction and the Nicola operation had been performed. 
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Fic. S Fig. 9 

Photographs two years and nine months after surgical treatment of shoulders, showing range 
of active abduction. Note excellent development of deltoid muscles. 


with repair by the Ivicola method, was done on the right shoulder, and on Juh' 7 a similar procedure 
was done on the loft shoulder. The shoulders were immobilized for one month after the second opera- 
tion, and then active motion was started. By Januaty 1943 the patient had obtained fair motion in both 
shoulders, but was modcrateb' restricted in rotation and abduction; he had no pain. All erddence of 
ulnar neiwe damage had disappeared. He was discharged to bmited dutj- in Februarj' 1943. 

The patient was readmitted to the Hospital in Februaiy 1945, after he had completed two years of 
flight duty, as an instructor in aircraft navigation, without serious difficulty. The range of motion was 
improved. Abduction and flexion up to 90 degrees were possible bilaterally (Figs. 4 to 7). There was 
moderate restriction of rotation, and some pain in both shoulders on \-igorous motion. The patient 
had exercised faithfully, had excellent muscle power and development (Figs. 8 and 9), and was well sat- 
isfied with the results obtained. 

It was thought that the left shoulder was the easier to treat from a technical stand- 
point. This is attributed to the fact that the patient had had traction applied to that 
shoulder for a period of eighteen da3's prior to operation, whereas no traction had been 
applied to the right shoulder. The traction serx'ed to promote relaxation of the joint cap- 
sule and surrounding structures, and thus facilitated open treatment. 

Delaj-^ed treatment in this case was not a matter of choice, but occurred because no 
adequate facilities for treatment were available for the two-month period during which 
the shoulders remained dislocated. It would be preferable, of course, to accomplish reduc- 
tion soon after occurrence of the injurj”^. 

Prolonged ph3'sical therap3’^ in the form of active exercise is essential, if good results 
lire to be obtained follovdng late open reduction of shoulder dislocation. 
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AN APPLIANCE FOR THE CONSEP.VATIVE TPEATMENT OF 
ACROMIOCLAVICULAR DISLOCATION 


BY MAJOU MUIIHAY E. GIBBENS 
iU cciicnl Corpa, Army of lUc Vnilcd Stales 

Most acromioclavicular separations will heal without deformity or disability, if the 
dislocation is reduced and is held in place for six weeks. Failures are usually due to in- 
terrupted or to inefficient fixation. There have been many methods of treating this con- 
dition. The quickest and easiest method of fixation is a Velpeau type of adhesive strap- 
ping, with a felt pressure pad over the olecranon process and another over the outer end 
of the clavicle. Adhesive strapping, however, has its limitations. It stretches, slips, and 
“gives” after four or five days, and, even though reinforced, becomes loose and uncom- 
fortable. It often irritates the skin, and does not adhere well in hot weather. Taping is an 
excellent emergency procedure for a few days, but it must be replaced by a more efficient 
fixation. 

The recent literature has contained descriptions of a number of devices, consisting of 
rather bulky casts, straj)s, or a combination of the two. Straps alone have a tendency to 
slip off the shoulder or elbow, and fixation is not constant. A body cast is uncomfortable, 
hot, and unnccessaiy. 

The light arm “compression-cast”, used b}’’ the author, has two extension bars, one 

in front and one in back, and an ad- 
justable rubber elastic strap over the 
shoulder and the outer end of the 
clavicle. This has been employed on 
appj’oximatcly ten or twelve patients, 
including one female patient, over a 
period of several years. (It is impos- 
sible to apply adhesive strapping 
to a woman with well-developed 
breasts.) The cast is well tolerated 
bj'’ the patients. It is light and com- 
fortable, and permits a small amount 
of active motion in the shoulder with- 
out interruption of fixation. It pro- 
vides a constant downward pull on the outer end of the clavicle, and an upward pull on 
the elbow and arm. It is easily constructed by any skillful plaster technician. 

The strap with rubber elastic (Fig. 1) is previously prepared to go over the shoulder. 
A loop is made in the ends of the strap to fit over the extension bars. The rubber elastic 
may be a folded section of rubber glove, from which the fingers have been removed, a sec- 
tion of inner tube, or an Esmarch bandage. This elastic material is treated with rubbei 
cement, sewed to the straps, and then wrapped with adhesive tape. A buckle is attached 
Several of these elastic straps, with buckles and loops, may be kept in reserve. 

Stockinette is used over the arm, and may or may not include the wrist and hand, 
The wrist is padded with sheet cotton. A felt pad is placed beneath the elbow, and an- 
other inside the arm, just below the axilla. 

To make the extension bars, two aluminum strips, approximately three-quarters of 
an inch wide and eight inches long, are prepared and bent into hockey-stick form. About 
eight wooden tongue depressors are soaked in plaster until pliable. Later, these tongue 
depressors are bent and are used to reinforce the aluminum strips, being fastened in place 
with a roll of plaster. 

A cast is now applied to the arm, extending as high up under the axilla as possible. 
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Fig. 1 

Shoulder strap, composed of webbing, one and one-half 
inches wide, and section of rubber glove. 
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Fig. 2-A Fig. 2-B Fig. 2-C 

Views of completed cast. 


The ends of the stockinette are turned down over the plaster and sealed with plaster. 
A\hen the cast is sufficient! strong, and has begun to set, the extension bars are com- 
pleted and attached with plaster bandage. The elastic strap is attached to the extension 
bars, and adjusted looselj' over the shoulder. A felt pad, four inches square, is used over 
the outer end of the elavicle beneath the strap to prevent chafing and pressure sores. 

Figures 2-A, 2-B, and 2-C show the completed cast. The patient is advised to go to 
bed and lie on his side until the cast is drjL When dry, the elastic strap is tightened with 
the buckle. The tightness of the strap and the reduction of the dislocation are checked by 
palpation with the finger tip, and confirmed by roentgenogram. 

The patient is ad\dsed to exercise the hand, and is encouraged to move the shoulder 
through a small range of abduction daily (approximately 5 to 10 degrees) . The cast is re- 
moved in six weeks, and active motion of the shoulder is started. 

This treatment is equally effective for fixation of fractures of the distal end of the 
clavicle with downward displacement of the outer fragment, preferably after manipula- 
tive reduction has been accomplished under anaesthesia. 
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MODIFICATION OF CALOT PLASTER JACKET FOR IMMOBILIZATION 

OF THE CERVICAL SPINE 


BY LIEU'J’BNANT COLONEL SAUL inTCIIIE 
M cdiml Corps, Arwy of the Unilrd Slalcs 

The author has observed for several years that tlie Calot jacket, when applied to 
correct abnormalities of the cervical spine, does not adequately immobilize the head and 
neck. AAbthin a week the head and neck usually have range of motion, and the desired 
position of h5q')crex(ension is no longer maintained. There are several othei' undesirable 
features: The patient is unable to shave; food and liquids may easily be spilled on that 
portion of the cast which covers the chin; and projx'r oral hygiene is impossible. These 
factors cause irritation of the undeidying skin, and discomfort to the patient. 

About ten years ago the author modificfl the Calot jacket so as to leave the lower' 
face and neck completely free. The principal modifications were as follows: The cast 
was extended across the forehead; two half-inch leather straps were included in the fore- 
head i)iece; the cast was trimmed 
differently; and a special chin 
strap was added to anchor the 
head firmly. 

The two leather straps have 
double buckles, and are eleven 
inches long and one-half inch wide. 
The buckles, each one-half inch 
wide, are placed, one at the end of 
the strap, and the other one and 
one-half inches pro.ximal to the 
end. The strap is doubled back on 
itself, and the three layers between 
the two buckles are riveted or 
sewed together. 

The chin strap is similar to 
the chin piece of a Sayre head trac- 
tion strap, and may be made of 
leather or canvas, or of a plastic 
material lined with leather. A 
half-inch strap six inches long, 
with holes punched at half-inch 
intervals, is sewed to each corner. 

The cast is applied with the patient on an Albee or Hawley fracture table. If a fracture 
table is not available, a piece of board three inches wide, and of sufficient length to reach 
the seventh cervical vertebra, can be nailed to a wooden table. The hair on the head i 
clipped closely. The patient’s head, neck, and body to a point below the hips are thei 
covered with stockinette, since very little padding is used under the cast. The stockinette 
covering the body is split at the level of the armpits, and fastened across each shouldei 
with several strips of adhesive tape. A piece of six-inch stockinette is then pulled over the 
head and neck, slit to fit the contour of the neck, and fastened with adhesive tape, al 
shoulder level, to the stockinette covering the body. A hole is cut in the nasal region to 
facilitate breathing. 

Next a piece of soft felt, one-half inch thick, is placed over the region of the occiput, 
the shoulders, and the crest of each ilium. AA^ith the patient supine, an assistant holds the 

* In civilian practice. 

166 THE JOURNAL OF BONE AND JOINT SURGERV 


/- 

/ 



A 


Fig. 1 

Supplementaiy items used in modified Calot jacket. 

A : Chin piece. 

B: Straps. 

C : Felt enclosed in stockinette. 

(Photograph by Public Relations Office, Foster General 
Hospital, Jackson, Mississippi.) 
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Fig. 2-A Fig 2-B 

Application of modified Calot jacket (Photogiaphs by Public Relations Office, Foster General 
Hospital, Jackson, Mississippi ) 


head and neck in hyperextension while applying continual traction bj* means of a flannel 
bandage around the chin under the stockinette. A piece of soft felt, one-half inch in 
^ thickness, three inches wide, and six inches long, enclosed in three-inch stockinette, is 
placed across the lower chin and the anterior cervical region. 

The Calot cast is then applied in the routine manner, except for the following modi- 
fications: 

First, a three-inch width of plaster is brought to the level of the eyebrows. After 
several turns of plaster have been made, the leather straps previously described are placed 
vertically on each side, just anterior to the ear. The ears are well padded. The end buckle 
IS placed directly below the edge of the plaster covering the forehead, and the straps are 
left unbuckled. Several additional turns of plaster are applied, so as to cover the straps 
but not the buckles. The strap is then placed through the second buckle encircling the 
forehead piece. The strap is now firmlj’’ incorporated in the head piece with plaster, leaving 
only the end buckles exposed. 

Second, it is essential that the head piece be firmly attached to the body of the cast 
with plaster splints, since that is the weak spot. When the plaster has set, the excess plaster 
^aver the vertex is removed, and the forehead piece is trimmed so that its lower edge is 
exactly level with the eyebrows. The portion covering the chin is trimmed sufficiently to 
allow withdrawal of the piece of felt incorporated in the stockinette. This permits ade- 
quate room for swallowing, as well as for the application of the chin strap. The remainder 
of the plaster over the chin and neck anteriorly can be completely removed after several 
days, when the cast has set. The plaster over the ears is not trimmed until the following 
day, to ensure maintenance of cast strength. The body portion of the cast can be trimmed 
immediately (Figs. 2-A and 2-B). The chin support is now fixed in position by inserting 
^ the straps at either end through the buckles in the forehead piece. The straps are pulled 
tight enough to keep the eyebrows level with the lower edge of the forehead part of the 
cast. This level is the guide at all times as to whether or not the head is properly fixed. 
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AVhen the cast has been completed and tlic patient lias returned to bed, a pillow 
should be placed under his shoulders so that the back of the head does not touch the bed 
until the cast has thoi’oughl)'' dried. If this precaution is not taken, the cast may break 
in the region of the neck. The patient may be ambulatory in this type of cast. 

This cast has been employed in cases of fracture and fracture-dislocation of the 
cervical spine, and in cervical ostcom5'’clitis. It docs away with the difficulties associated 
with shaving, feeding, and oral hygiene. During these procedures the chin piece is removed 
temporarily, the plastcr-of-Paris band around the forehead adequately maintaining 
hypcrc.xtcnsion of the cervical spine. 



A UNIVERSAL SPLINT FOR DEFORJ^IITIES OF THE HAND 


BY MAJOR JAMES E. BATEMAN 
Royal Canadian Army Medical Corps 

From the Combined Services, Special Treatment Centre, 

Christie Street Ilo'^pital, Toronto, Ontario, Canada 

Tlie introduction of adequate apparatus to correct the deformities eaused by nerve 
injuries was an innovation of World AVar 1. Tlie problems presented by nerve injuries in 
the present conflict have changed verj’ slightly from those of the preceding AA^'ar. Earlier 
diagnosis and exploration, as well as speedier transportation to Special Treatment Centres, 
may have resulted in few severely contracted, withered extremities. This has decreased 
the need for drastic corrective apparatus, but has not altered the susceptibilitj’^ of paralyzed 
muscles to overstretching. Early application of splints has stressed the necessity for 
comfortable devices that may be worn for long periods, and yet preserv'e the function and 
mobility of the uninjured parts. 

There is a fundamental need for apparatus that corrects and controls the classic de- 
formities of individual nerve paralyses. In the past this has been recognized and, as a rule, 
the splints produced dealt with one deformit 3 ’’ and one degree of severitj"^ of this deformity. 
Apparatus that can easilj’’ be adjusted and altered to meet individual variations in type and 
severitj' will be of value. 

The correction of combinations of nerve deformities and injuries to nerve vessels pre- 
sents a problem which is also best met by adaptable apparatus. Similarly, the frequent 
association of injurj’- to bone and to soft tissue alters the usual deformities of nerve damage. 

Individual variations in skeletal and muscular structure make it desirable that an 
appliance be especially constructed for each patient. Such a need is obviouslj’’ diEBcult to 
fulfill, and can best be met by using a standard framework, to which adjustable parts are 
added. 

Immediately following injurjq and during transport to Special Treatment Centres, the 
treatment of injuries to bone and soft tissue is paramount, and is best accomplished by 
plaster. Serious contractures often result, however, when associated nerve deformities are 
similarly treated. The nerve deformity is better controlled bj' apparatus that preserves 
mobility and can be incorporated in the plaster. 

AATen physical and clinical requirements have been met, attention should be given 
to practical considerations, such as ease of application, inconspicuousness, and weight. 
The design should be simple enough to permit quantity production. 

The cardinal principles of mechanotherapj" are to maintain the paralyzed part in 
relaxation, to avoid immobilization, to prevent overstretching, and to eliminate pressure 
on areas which are anaesthetic or devitalized. In the hand, the unequal balance of the 
flexor and extensor muscles is a constant threat of deformity. Extension at the metacarpo- 
phalangeal joint is strongly produced by the common extensor and weakty opposed by the 
interossei and lumbricales. Flexion at the interphalangeal joints is strongty produced by 
the superficial and deep flexors, and is also weakly opposed bj' the interossei and lum- 
bricales. The resulting tendency to metacarpophalangeal hj-perexlension and inter- 
phalangeal hj-^perflexion may best be avoided bj-^ maintaining gentle flexion at all three 
joints. 


DESCRIPTION OF SPLINT 

To meet the above considerations, a splint has been designed with a universal chassis, 
or holder, to which accessories may be added that will correct most hand deformities. 
The splint includes features of the original spring appliance of Henrj- Meige, and uses an 
improved spring similar to that suggested bj' Thomas. The main interchangeable parts 
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Fig. 1 

Universal splint with posterior springs. Note 
that the leather iings support tlio fingers proxi- 
mal to the distal joint. 


Fig. 2 

Shows the jiostcnor .sjnings for fingers and 
wrist in place. The finger springs are held in 
studs, allowing lateral movement. 




Palm support may be applied so as to leave 
the wiist free and allow use of tlie hand. 
Note that the individual support of the 
fingers preserves the normal tiansverse arch 
of the jialm. 


Coirection of medial two fingers in ulnar de- 
fo!mit3’. Lcatlier rings supjioit tlie fingers close 
to the tip to coirect the deformitj'. 



Fig. 5 




. y 


Fig. 6 


The splint as applied in a paralysis of the median nerve, requiring finger and thumb correction. 
Note that the thumb may be pulled fiom position of adduction. 


THE JOURNAL OF BONE AND JOINT SURGERY 



UNIVERSAL SPLINT FOR DEFORMITIES OF THE HAND 


171 


arc steel arches, which are connected to the fingers by leather rings. They are constructed 
of locksmith’s spring steel, 0.125 inch b}' 0.025 inch in size, and have a single coil at the 
base of the arch. The direction of the coil spring governs the axis of tension on the finger — 
that is, anteriorly or posteriorly. At the same time, the direction of tension inaA' be 
adjusted accurately for individual fingers bj' simply bending or straightening the finger 
arches. The temper of the locksmith’s spring steel allows fle.xibility, and jmt it will maintain 
the correction permanently. The spring arches are held on the chassis bj’’ studs on a fixed 
swivel which can be rotated, adjusting the angle between the fingers. 

The chassis is made of aluminum and is easilj' processed; the palm is supported bj^ a 
lateral tongue attached to the hand piece, which may be bent to accommodate the size of 
the hand. 

Full wrist movement is permitted by a simple hinge, and the joint is guarded by an 
adjustable spring which is attached posterior^. This spring maj^ support the vvist in 
dorsifiexion, or may be reversed, maintaining volar flexion. The strength may be increased 
by adding one, two, or three bars, fitted into the same clamps. If no movement is desired, 
the spring may be locked at any desired angle. All buckle fasteners have been replaced 
by a simple stud-and-ej'e connection. 

Five combinations have been most commonly used to date. The splint has been de- 
signed to be as universally flexible as possible, and there may actually be as many types 
as there are cases. It is expected that the surgeon in charge of each case will exercise his 
own ingenuity in adjusting tension, direction, and position. 

1. Posterior Splint: The basic unit consists of a universal chassis, posterior finger 
springs, and a posterior wrist spring. It is used chieflj' in paralyses of the radial and 
posterior interossei (Figs. 1, 2, and 3J. It maj- also be adapted to the claw deformities of 
ulnar and median-nerve lesions. For ulnar lesions, springs are usuall}’’ necessarj* for the 
medial two fingers only (Fig. 4) . Slight flexion at the wrist is often necessarj" to relax 
associated contractures of the forearm. In lesions of the median nerve which need splint- 



Fig. ' 


Universal chassis with hyperextension 
guard and posterior springs. 



Fig. 9 



Lateral diagram, showing application of 
In-perextension guard. 


1 . 'i ^ 



Fig. 10 


Anterior springs attached to the universal chassis. 
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fiDJUSTOate 7£W5IOn 
IN both DiBeaioN5- 



Fig. 11- Sliows pciiomc of coinbiiia(ioi» 
springs attaclicd to (lie chassis. 

Fig. 12: Combination splint,, as applied to 
seveicl.v contracted liand. 



Fig. 12 


ing, the claw deformity of the finger may be relaxed by jiosterior springs, and the thumb 
may be pulled anteriorlj’- from its ])ersistcnt adduction (Figs. 5 and 6). 

2. Posterior Splint Plus II yperextension Guard: In man)' cases, the hyperextension 
at the metacarpophalangeal joint must be continuouslj' corrected to allow relaxation at 
the interphalangeal joints. This ma)' be done bj' a fixed guard, maintaining from 20 to 
30 degrees of flexion (Fig. 8). The guard may be a])plied for a while and removed, or it 
ma)' be applied after it is apparent that adjusting the i)ostcrior arch alone is inadequate. 

3. Anterior Splint: The splint may be converted into an anterior model by attaching 
springs with the coil exerting jn'essure anteriorly. Such a splint is most frequently needed 
for hands severely contracted in extension, often from plaster immobilization. The springs 
exert pressure through little metal cups attached to adjustable leather thongs (Figs. 9 and 
10). The tension needed and the direction of application will vary for each finger, and 
should be adjusted b)' the surgeon. The continued pressure exerted by the springs tends 
to correct deformities fairl)' rapidly, thus necessitating more supervision to keep the coil 
spring continuous!)' exerting maximum pressure. Associated wrist deformity may also be 
corrected by using anterior or posterior wrist springs, as indicated. 

4. Combination Splint: For those cases with a severe claw deformity, injuries to 

the nerve vessel, and ischaemia, a com- 
bination model is available. The usual 
deformity of hyperextension at the meta- 
carpophalangeal joint and hyperflexion at 
the distal joints is corrected by short an- 
terior springs and long posterior springs, 
properly adjusted as to strength and 
length (Figs. 11, 12, and 13). The wrist 
correction may be done concomitantly. 
In applying this model, the fingers are put 
through the short springs first and then 
through the long holders, as in putting on 
a glove. Any tendency to wrinkling of 
the skin over the proximal interphalangeal 
joint may be corrected by adjusting the 
size of the leather holders. The tension 
exerted by the coil springs will need to 
be adjusted as the deformity is gradually 
corrected. 

Fig. 13 5. Plaster Accessory: Plaster immo- 

Demonstiatcs lange of movement still possible. bilization of many nerve injuries has been 
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Fic. 14 Fia 15 

Fig 14; Accessorj’ stud liolder m place in plaster ca«t 

Fig. 15- Posterior springs applied, «upportmg fingers m slight flexion m fractuied shaft of humerus 
"ith paralysis of the radial nerve 

used as a method of splinting, frequently leading to severely contractured, almost irrepa- 
rable injuries of the extremities. To enable adequate relaxation and to retain mobility, a 
plaster accessorj' is used (Figs. 14 and 15) . It consists of the stud holder of the universal 
chassis, ivhich may be attached and incorporated in any cast. Suitable springs may then 
be inserted in the usual manner. 

As in the use of all corrective apparatus, there are certain precautions to be taken. 

1. To be certain that the springs exert the proper tension, the splint should be ad- 
justed by the surgeon in all cases. 

2. Hyperextension at the metacarpophalangeal joint must be guarded against, par- 
ticularly in weak hands. This may always be prevented by properly adjusting the spring 
arch or by using the hyperextension guard. 

3. In all cases, the fingers and wrist should be put through a full range of movement 
at least twice daily. 


RESULTS AND CONCLUSIONS 

Approximately 400 patients with deformities resulting from injuries to nerves, nerve 
vessels, and associated soft tissues have been treated bj' various models of this splint. The 
splint has adequately fulfilled all the primary purposes for which it was designed. Patients 
have been able to wear the splint and yet use the hand for ordinarj' activities, such as 
v'riting, eating, and playing the piano. The constant tension which can be exerted bj' the 
spring steel has proved the most satisfactory means of correcting severe contractures, 
previously treated by the cumbersome banjo splint. The plaster accessorj' has proved a 
safe and adequate method of splinting, while avoiding the disadvantages of immobiliza- 
tion in cases requiring plaster casts. The splint has been further adapted to correct toe 
deformities, including drop-toe and claw-toe. The use of a universal model with inter- 
changeable parts has facilitated production and distribution. 


'01. IS. NO. J, JANUAIiY 1040 



AN IMPROVED BONE CLAMP AND A PLATE FOR INTERNAL FIXATION 

OF FRACTURES 


ny JEAN ^'EIn^lluoGE, m.d., an'J’weup, helgium 

The bone clamp devised by the author (Fig. 1) ha.s tlie following characteristics and 
advantages: It is made of stainless steel. At one eiul there is a ratchet and narrow teeth, 
which permits a wide range of motion. The shaft has suflicicnt elasticity to make pos- 
sible its manii)ulation with two fingers only. The distal end is slightly curved, so as to 
facilitate the handling of the instrument and yet not interfere with subsequent drilling or 



Fia. 1 

Plates for fi.xatiou of femur, Inmierus, and bones of forearm or clavicle, showing the arrangement 
of screws; and bone clamp, shown from both sides. 


Fig. 2. Plating of a femur for shortening of the lower limb (twelve 
centimeters). Note that all the screws are of the same length. 

screwing. The clamp can be operated with one hand like a 
Kocher clamp, which facilitates the prehension of bone and 
helps in the fixation of a plate or a graft on the shaft. The 
bone clamp is made in three sizes — one for the femur, one for 
the humerus, and one for the bones of the forearm or the 
clavicle. 

The plate was devised to ensure solid and durable fixation 
of bony reduction, and was constructed to meet the following 
requirements : 

The plate should be thick in order not to bend. It should 
be long enough to extend well beyond the site of fracture, 
since the bone is more demineralized at the end of the frag- 
ments. It should be large enough to be solid and not to re- 
quire the use of a second plate. It should be slightly curved 
transversely to approximate the shape of the bone. The holes 
should be placed alternately, so that the screws will be directed 
at an angle and not parallel to one another. The screws must 
not be large, so that as many as possible may be used to increase the surface of contact 
between metal and bone. The plate should be made of a metal which will be inert and at 
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the same time will bend without breaking, so as to be adjusted to the surface of the bone 
at the time of operation. 

The following dimensions have been adopted for the plate: For the femur, twelve, 
fourteen, sixteen, eighteen, twenty, and twenty-two centimeters in length; two millime- 
ters in thickness; and twenty-one and one-half millimeters in ividth. For the humerus, ten, 
twelve, and fourteen centimeters in length; two millimeters in thickness; and fifteen mil- 
limeters in width. For the forearm, four, five, six, eight, ten, twelve, and fourteen centi- 
meters in length; one and one-half millimeters in thickness ; and ten millimeters in width. 

The dimensions of the screws are as follows: For the femur, two and one-half milli- 
meters in diameter and from twenty-six to forty millimeters in length. For the humerus 
and forearm, two and one-half millimeters in diameter and from ten to thirty millimeters 
in length. 

The plate and screws were devised in 1943 and the bone clamp in 1944, and the au- 
thor has used them since then, without any inconvenience. 
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A SIMPLE TRACTION DILVICE FOR THE REDUCTION OF 
FRACTURES OF THE FOREARM 

BY noBBirr m. bose, m.d., new oiileans, Louisiana 
From the Tulane Orthopaedic Service,* Charity Hospital of Louisiana at New Orleans 

The fundamental principle of traction and countertraction in the reduction of frac- 
furcs of the forearm has been well established. Various methods have been used and 
described, from the manual application of traction by the surgeon, alone or assisted, to 
elaborate apparatus employing Japanese finger traps or wire finger baskets.^ The device 
shown in Figure 1 maintains even, continuous traction during the reduction of fractures 
of the forearm, and it is extremely easy to construct and to use. Since its introduction in 
May 1942, from eight}’- to ninety surgeons at Charity Hospital of Louisiana have used 
this apparatus in reducing over 1,500 fractures of the forearm. 

The device consists of two crossbars that clamp to a table top and project on one 
side for a distance of twelve inches. Covering the bars is a table pad. The patient is 
placed in the supine position; the head rests on the upper bar, with the upper arm parallel 
to the upper bar and about four inches from it. Over the anterior surface of the upper 
arm is placed a felt pad, and a three-inch gauze bandage is wrapped about the arm and 
the upper bar. This constitutes the fixed point of countertraction. The elbow is then bent 
at a right angle, and traction is applied to the thumb by means of a single loop of doubled 
three-inch gauze bandage, approximately three feet in length (Fig. 2) . To this gauze loop 
is fixed a length of sash cord, which passes through the pulley attached to the under surface 
of the lower bar by means of a removable metal band. V'eights on a holder are attached 
to the distal end of the sash cord, and traction is exerted on the forearm. 



Fig. 1 

a: Apparatus for reduction of Colles’s fracture of right forearm. If left forearm is frac- 
tured, pulley band is placed on upper bar and patient’s position is reversed. 

b : Detail of construction of lower bar. Pulley band is removable, and may be placed on 
either bar. 

* Service of Guy A. Caldwell, M.D. 
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There has not been a 
single instance of circulatory 
complications following the 
use of this device, although 
in a few cases it has been 
necessarj’ to use twenty-five 
pounds of traction for thirty 
minutes. About SO per cent, 
of the patients complain of 
pain in the thumb, if the frac- 
ture is reduced under local 
anaesthesia, but the pain dis- 
appears as soon as the trac- 
tion is discontinued. Padded 
loops are not recommended, 
as they slip off the thumb. 

The author believes that 
this de\'ice offers the follow- 
ing advantages; 

1. The manipulative 
strength and sensitivity of 
the surgeon are not lessened 
by the use of his own hands 
for traction. 

2. The device is simple 
and inexpensive of construc- 
tion, extremely adaptable, 
and, if properly used, fool- 
proof. 



Fig. 2 

a: Method of applj-ing angle-knot gauze loop about thumb 
for traction on forearm in functional position. 

b : Gauze loop placed about long finger for traction in line 
rvith axis of both bones. 

c; Illustrates ease of applying cast with traction deince in 
place. After cast to forearm has set, arm may be removed from 
traction device and cast maj’ be extended above elbow. 


3. Alany fractures are reduced with traction alone, although impaction of fragments 
IS routinely broken up before traction is applied. 


1. JoLDEBSMA, R. D.; Traction Reduction of Fractures About the Wrist. Surg. Clin. North America, 23; 
1613-1622, 1943. 
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A NIGHT SPLINT FOP THE COPIIECTION OF GENU VALGUiM 
Hv n. wHioiiT si:ianii, m.!)., santa momca, caui'ornia 

The occurrence of knock-knee in children i& far more common than is usually supposed. 
Genu valgum in children docs not ahvaj^s disappear automatically. If, after a period of 
observation, it is apparent that growth and the correction of faulty foot mechanics are not 
sutTicient to overcome the deformity, the use of braces at night may be indicated. 

Lloyd ^ described a night splint, consisting of longitudinal bars bandaged to the lateral 
aspect of each lower extremity, for the correction of this condition. Girdlestone described 
a similar splint, but placed the longitudinal bars on the medial aspect of each extremity, 
and then bandaged both extremities together. 

The splint represented in Figures 1 and 2 has the following advantages: 

1., The child can sleep on his face, side, or back, instead of only on his back. 

2. The construction lu'ovidcs more even pressure, and therefore redness at the pressure 
points rarely occurs. 

3. Since straps and buckles arc used, the mother can place the tongue of the buckle 
in the same hole in the strap each night, although the attending physician should see the 
splint about once in two weeks, in order to change the tension as the valgum lessens. 

4. There is no constriction of the circulation to the extremities. 

5. The average child of five years or over can be taught to ajiply the sjjlint himself. 


Metal Plates 



Fxg. 1 

a and c: Sciews for adjustment of length of splint. 
b' Sciews foi adjustment of height of plate ovei knee 
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6. The splint is adjustable and can be used 
for children of difi'crent ages, or for the same child 
over a period of time. The author feels that this 
compensates for the fact that it is somewhat more 
expensive than the Lloyd or Girdlestone splints. 

The average patient requires the use of this 
splint for about three months. Although it may be 
worn continually for the three-month period, it 
may also be worn for at least a month, discarded 
for an indefinite period, then worn for another 
month, and so on. It is not necessary to wear it 
tight. nor to attempt too much overcorrection at 
one time. 

The splint may be made of steel, leather, and 
felt; or, to lessen the weight, may be made of 
duralumin with straps of felt-covered leather. To 
increase or decrease the lateral pull at the knees, 
the lateral rods may be bent slightly as the pa- 
tient’s condition improves. 

In supervising the progress of a patient with 
genu valgum, it is important to keep a record of the 
reduction of space between the ankles. The record 
of the intermalleolar distance - was found to be a 
simpler, and probably more accurate, guide to the 
progress of each patient than the usual method of 
drawing an outline of the lower extremities. 
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Fig 2 

The splint in position. 


VO? *>9 V 


1 AVTTATTr 1 040 



GLA«S a.OTJI AR A WOUND DRESSING 


UV CAPTAIN HOKALI) M. BUCK 
Medical Corps, Aimp oj the United States 

From the Orthopaedic Sictiou, Perep Jones General Hospital, Battle Creek, Michigan 

The postuperniive care of conijiouncl wounds, treated by the Oir method, indicates 
iliat jK'lrolatum-impregnntod gauze is not an ideal substance to use in tlie packing of 
sucli wounds. Changing the dressings is often f]uile ])ainfu] to ilic patient because, in spite 
of the most careful prejiaration of (he impregnateil gauze, granulations will grow through 
its meshes, causing it to adhere firmly to the wounds. Unless the gauze is packed cor- 
rectly, tlie frayed edges will cling lo the wound aiul act as foreign bodies, causing drain- 
age. Improperly packed gauze will act as a plug, damming back the purulent material, 
instead of as a means of efficient drainage. In most instances, the removal of such gauze 
causes considerable bleeding. 

Retrolatum-impregnatcd gauze presents well-known difficulties in preparation, sterili- 
zation, storage, and transportation, because of the effects of tcmpcratui'c changes on 
the oil. 

(\msidcration of the.se factors ])romptcd a desire to find a dressing which would allow 
proper drainage and granulation of the w'ound so that an early split-skin graft could be 
applied, if desired. Such a material should have the following qualifications; 

1. It should be non-irritating to the skin. 

2. It should not act as a foreign body, if left embedded in human tissue. 

3. It should jijxu’cnt adherence of granulations. 

4. It should allow proper drainage of liie Avound. 

5. It should prevent c.vuberant granulation, yet allow the wound to fill in gradually 
by granulation, if that method of healing is desired. 

6. It should not be painful to ixmove. 

7. Its removal should not cause e.xcessive bleeding. 

8. It should be simple to use in packing wounds. 

9. It should leave a clean granulating surface so that early skin-grafting may be used. 

10. It should be simple to prepare by the personnel of the sterilizing room. 

Glass cloth, which from previous e.vperience in animal tissues appeared to be a pos- 
sible substitute for petrolatum-impregnated gauze, has been used in thirty-five cases to 
date in circumstances Avhere tlic gauze wuas prcAuously employed. 

Proper sterilization w^as obtained by Avrapping tlie material in a cotton toAvel and 
placing it in the steam sterilizer for forty-fiA'-e minutes at a pressure of twenty pounds. 



Dressing applied to saucevized wound of knee. 
a : Glass cloth next to surface of wound, b : Dry 
cotton-gauze wick. 



Fig. 2 


Forearm wound three weeks after seques- 
trectomy. a: Glass cloth, b: Dry cotton-gauze 
wick, c- Exudate fiom wound absoibed m 
bulky dressing. 
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Shoulder wound, tlirce weeks after saiiecnzalion of cavity. 

Fig. 3-A: Cdass cloth on wound .surface; no granulations are growing through meshes. 

Fig. 3-B: Glass cloth has been removed, showing clean granulations and no bleeding or thick 
exudate. 



Fig. 4-A F'G- 

Split-skin graft, ten days after operation. 

Fig. 4-A ; Glass-cloth dressing forms a smooth stent. 

Fig. 4-B: After removal of dressing, showing healed wound. 



The material has also been prepared by boiling for ten minutes in the water sterilizer. 
Although either method is satisfactory, the former is preferred because the material can 
be stored in the same package until needed. 

In applying the dressing at the time of surgery, a square of the glass cloth should be 
cut, large enough to cover all surfaces of the wound and to project over the skin margin. 
The center of the invaginated glass cloth should be packed with dry cotton gauze so that 
the edges of the wound will be held open (Fig. 1). The cotton gauze acts as a wick (Fig. 
2) to remove exudate from the wound, and on top of this is placed more cotton gauze to 
take up the secretions. A pressure bandage or padded cast, as indicated, is placed over 
such a dressing. 

This type of dressing has been left in wounds for varying lengths of time and contra- 
indications have not been observed. Scholz and Alountjoy^ reported a suture of similar 
glass material as inert and non-reacting in tissue. 

Figures 3-A and 3-B show a typical wound at the time of dressing. 

Glass cloth has been used as the first layer of a wet dressing for a split-skin graft 
(Figs. 4-A and 4-B). 

1. Scholz, R. p., and Mountjoy, P. S.: Fiberglas Suture Material. Preliminarj- Report. Am. J. Surg., 
56: 619-621, 1942. 
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LOCATE ZF.D BONE CYST OF THE OS CALCIS 


in' SQUADKON LKAIIEH ,T. M. JANES 
lioydl Canadian Air Force, iMcdical Branch 

From the No. 1 Royal Canadian Air Force lloapilal,'^!. Thomas, Onlario, Canada 


The localized form of osteitis fibrosa cystica, wliicli usually occurs during adolescence, 
is said to be more common than the generalized form. The common sites arc the upper 
end of the femur, the humerus, and the tibia, although Illingworth and Dick have stated 
that no hone is immune. 

The following ease is reported because a cyst occurred in the os calcis. This is not a 
common site, although McT^achlin has reported one such ease. The ease herein described 
is typical in that there was no flisturbance of the calcium balance. 


It.IvD., nn nirmnii, iiscd ciirlilf'fii, reported on .‘-•ick* panide five days after spraining Jiis left ankle. 
Clinically, no abnormality of Ihc .'inkle w.'i.s found, but llio roentgenogram rccealcd a largo cj’st of the 
os calcis (Fig. 1). Roentgenograms of the long bones .showed no evidence of other cj’sts. 

On laboratory examination the nrinaly.'-is was negative, a.s wa.s the Wassermann reaction. The 
erythrocyte .sedimentation rale wa.s five millimeter.s in one hour (method of Westergren). The serum 
calcium wa^ ll.S milligrams per 100 cubic centimeters of scrum. The inorganic phosphate.s were 4.7 
milligram.s ])er 100 cubic ccniimetcr.s. 

At O])oration, a small window wa.s made in the lateral as))cet of the left os calcis, opening direct!}' 
into the cyst. The cyst wa.s oval in shape, roughly two inches in length, and one and one-half inches 
in width at its widest point. It was filled with hemorrhagic fluid which contained fat globules. Veiy 
little .'-oft lis.-suc was .veen ; the walls for the most jiart were .smooth bone. The fluid was drained off, and 

the soft ti.s.suc wa.s curetted out for 
]iat ho logical examination. Twenty- 
four bone chips from the subcuta- 
neous surface of the loft tibia, one- 
half inch b}' one-quarter inch by 
onc-ciglith inch in size, were placed 
in the c}’stic ca\-il}% but were insuf- 
ficient to fill the cavit}- completely. 
After closure a below-thc-lcnee non- 
weight -bearing cast was ajiplied. 

The pathological report was 
as follows: “Part of the tissue is of 
bony character (the piece removed 
to gam access to the cavity), and the 
sections show some bone absorption 
and osteoporosis. Other parts of the 
specimen are composed of fibrous tis- 
sue, and throughout this tissue there are 
occasional multinucleated giant cells, 
as well as numerous small C3'stlike 
spaces, lined partially b.v cells which 
appear to be of the osteoclast type. We 
consider this to be osteitis fibrosa 
c}’stica.” 

Ten weeks after operation, a walk- 
ing plaster was applied. Five and one- 
half months after operation, the roent- 
genogram showed bony consolidation of 
the bone chips (Fig. 2). At this time 
the patient walked normally and had 
no complaints; he was therefore dis- 
charged to duty. 



' V'w 





Fig. 1 

Cyst of the os calcis. 
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A SIMPLE RETRACTOR FOR SPINAL SURGERY 


itV G. MOSSCR TAYLOE, M.D., LOS AXGELES, CALIFORNIA 

From the Department oj Orthopaedic Surgery, C ollegc'oj- 
Mcdical Evangelists, Los Angeles 

For many years the retractor most consistently used for spinal surgery has been the 
one designed bj' Russell Hibbs for his type of spinal arthrodesis, which requires expos- 
ure of the zygapophysial joints. Any assistant who has M’orked for hours with one of these 
retractors can testify to the fatigue that results. 

A number of retractors have been advanced to simplifj" the work of interlaminary ex- 
ploration and removal of a protruded intervertebral disc. Most of them are based upon 
a screw or ratchet mechanism, however, and are 
rather complicated. 

A number of the newer retractors for general 
orthopaedic surgery are based upon the principle of 
leverage, using the bone itself as the fulcrum. The 
spinal retractor herein described (Fig. 1) is based 
upon the same idea. 

The retractor is made of stainless steel, one- 
sixteenth of an inch in gauge and one and one-half 
inches wide; the handle is seven inches long, and 
the retracting blade is two and one-half inches long 
for the medium back and three and one-half inches 1 

long for the heavier backs. 

The important feature of this retractor is the small tip at the end of the retracting 
blade. The tip is three-eighths of an inch wide and one-half inch long, and is curved 
slightly forward. The back surface is beveled to a dull edge at the end of the tip. 

After the musculature is stripped from the spines and laminae, the lateral facet at 
the level needing retraction is palpated. The tip of the retractor is then caught on the 
lateral surface of this facet (Fig. 2) , which becomes the fulcrum upon which leverage is 
made for the retraction of the muscles and the cutaneous tissue. 




]S‘l 


G. M. TAYLOK 


The shoulders of the relraoling blade arc rounded from the lateral surface of the blade 
to the beginning of the tip, which makes the retractor more effective in the depth of the 
wound. 

The retractor is flexible enough so that the angle between the retracting blade and the 
handle can be changed, depending upon the character of the back. The end of the handle 
is curved upward in a half circle, which makes it easy to support. In the event of incom- 
plete assistance, a loo]) of sterile bandage can be slipped over the handle and the other 
end caught under the toe of the surgeon, making the retractor practically self-retaining. 

A woitI of caution must be gi^’en, because the Icveivigc exerts a powerful force. If 
this is maintained too strenuously and for too long a time, the soft tissues may sustain 
unnecessary pressure necrosis. 

The retractor described has been used for the past six months by a number of local 
orthopaedic surgeons. From their experience, it is believed that the retractor has been of 
definite aid in simplifying and facilitating a strenuous surgical procedure. 



D. MURRAY MEEKISON 
1897-1945 


D. Murray Mcckison died at liis home in Vancouver, British Columbia, on October 18, 1945, of cor- 
onary thrombosis. In his early death at the age of forty-eight, the Pacific Coast suffers the loss of a 
leading orthopaedic surgeon. 

He was bom in Strathroy, Ontario, and moved to British Columbia in 1910; from there he entered 
the IVar in 1916. as a private in the University Battalion. He won his commission in the field and was 
transferred to the Seaforth Highlanders of Canada, a famous Highland Regiment, the pride of Van- 
couver, which in two wars has brought distinction and fame to Canadian arms. After he graduated in 
medicine and returned to Vancouver to practise, he became the medical oSicer of the Seaforths, and re- 
mained in that position until 1939, when the regiment went into action again. 

Dr. Meekison received the degree of MR. from the University of Toronto in 1924, and was awarded 
his BBc. the following year. He received postgraduate training in the Hospital for Sick Children, To- 
ronto, and at the Montreal General Hospital. In the Children’s Hospital, Toronto, he came xmder the 
influence of W. E. Gallie and C. L. Starr, and this determined his future. When he began to practise 
in Vancouver, it was in the field of orthopaedic surgery, in which he rapidlj' forged to the front and 
became a leader among the young orthopaedic surgeons of the Pacific Coast, both Canadian and Amer- 
ican. He was President of the Western Orthopaedic Association and a Past-President of the North Pa- 
cific Orthopaedic Society; a member of the British Orthopaedic Association; a Fellow of the American 
College of Surgeons; a Fellow of The Roj'al Society of Medicine, London; a Fellow of The American 
Academy of Orthopaedic Surgeons; and a member of The American Orthopaedic Association. At the 
time of his death, he was Chief of the Orthopaedic Ser\dce at St. Paul’s Hospital, Vancouver; Chief of 
the Queen Alexandra Solarium for Crippled Children, Cobble Hill, Vancouver Island; and Chairman 
of the Orthopaedic Section of the Vancouver Medical Association. 

In the field of industrial and traumatic surgeiy he had a large experience, drawn from the logging 
and shipbuilding industry of the West Coast. It was he who first recorded the unusual type of fracture 
of the patella caused when it is driven sideways across the condyles of the femur (tangential osteochon- 
dral fracture of the patella). He also had a large practice with crippled children. 

Early in World War II (May, 1941) Murray Meekison joined the Royal Air Force Medical Service 
and became one of the senior surgeons in the highly important and efficient Orthopaedic and Rehabilita- 
tion Service organized by Sir Reginald Watson-Jones. He continued in this Sendee, until he was in- 
valided home two and a half years later. His death was the direct outcome of this illness. 

Life was a battle for the accomplishment of high ideals for Murray Meekison, and he shirked not 
one whit of it. What he attempted he undertook without stint, and he threw into his effort the immense 
energy of a strong nature. He inherited from covenanting Scotch ancestors a fierce intolerance of wrong, 
of slipshod work and thinking, and of smug self-satisfaction, which often involved him in strenuous efforts 
to correct them, — battles which endeared him to his friends and commanded the respect even of those 
who felt the force of his attack. There was a stem joy for him in attempting to set wrong right. 

Though he was one of the youngest members of the Association, he had man 3 ' friends' among the 
members. The Association by his death has lost a member of sterling character, and shares with his 
wife and children the hard bereavement. 




GUY \raiTMAN LEADBETTEK 
1893-1945 

On November 11, 1945, Dr. Gu}'' Whitman Leadbctter, President-Elect of The American Academy 
of Orthopaedic Surgeons, died in the Emergency Hospital, Washington, D. C., of coronary occlusion. He 
had been confined to the hospital only a few days and died, as he had lived, without fear, advising his 
friends that he had no apprehension about his health. 

To his friends and associates he typified the “Indestructible Man”, — a person endowed with the 
physical, mental, and temperamental qualities, who should have lived to be a centenarian and not have 
passed at the age of fifty-one, when liis many sterling qualities were being recognized and a future still 
lay before him. He accomplished much and America has lost one of its most brilliant orthopaedic 
surgeons. 

It is difficult for one to portray Guj'^ Leadbetter to those who did not Icnow him well. Modest 
and retiring, but always serving with great efficienc 3 '- and judgment in any task assigned him, be it a 
local, national, or international problem, he came through with a finished result that was typical of a 
great man. He had many friends from man}'^ walks of life, but onlj'^ a few knew of his many interests. 
His church, his professional, and other friends saw only the side of his life in which thej^ were inter- 
ested. 

Born in Bangor, Maine, December 12, 1893, the son of Fred H. and Maude E. Leadbetter, he en- 
joyed the advantages of the wholesome and rugged life of New England. He entered Bowdoin College 
and was graduated with an A.B. degree in 1916. In his senior year he was Captain of the Track Team, 
Captain of the Football Team, established the intercollegiate record for the 16-pound hammer which 
tood for many years, and was a candidate for the Olympic Team. He was President of his Class and 
^ s elected to the Phi Beta Kappa Society. These achievements while at college show the great physi- 

mental, and personal qualifications of the man. He retained his interest in his Alma Mater and was 
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a member of tbe Bowcioin Alumni Council and Chan man of Bowdoin Alumni As'ociation, Chapter of 
Washington D C and in 1942 i\as gnen the honoiai\ dcgieo of Doctor of Science 

He recened his MD dcgiee from the Johns Hopkins Uni\er=it\ School of Medicine m 1920 In 
Medical School he attained a high cchola^tic standing engaged m manj' Unu ersit3 and Medical School 
actiMties, and was one of the most higlih legarded students in his class While a student, he chose to 
become an orthopaedic suigeon and icccned his surgical tiaining at the Lake-ide Hospital, Cle\ eland 
Ohio, and his orthopaedic training at the Johns Hopkins Hospital and the Children’s Hospital School 
He entered private practice in Washington, D C , in 1923 and became one of the outstanding surgeons 
of the communit3' and soon earned a nell-desened national and international reputation Man3' con- 
tnbiitions Mere the result of his nork, the nio-t notable of which was his untiring interest in fracture' 
of the neck of the femur He was Clinical Profe='Oi of Suiger3' at the George Washington Medical 
School, Chief of the Orthopaedic Sen ice of the Emeigenc\ Hospital, and Consultant to the Children’s 
Hospital and the Casualt3' Hospital 

His sterling qualifications vere recogmzed earl3 and he nas elected a member of The American 
Orthopaedic Association m 1930 and of The Ameiican \eadem3' of Orthopaedic Surgeons in 1934 He 
al'O sened as Chairman of the Bone and Joint Section of the Southern Medical Asiociation 

Dr Leadbetter was a man nho ne\er shirked a re'ponsibiht3' He sen'ed on the Militan Com- 
mittee of The American Orthopaedic As-ociation and The American Academ3’ of Orthopaedic Surgeons 
for man3' 5 ears and ga\ e unstinting^’ of hia time to the Office of the Surgeon General He was ap- 
pointed Orthopaedic Consultant to the Secretary of War, and Secretary' to the Orthopaedic Committee 
of the National Research Council 

He was an accomphshed pianist and had a fine and well-trained baritone \ oice He was a linguist, 
and was proficient in German, Spanish, and Trench 

•4mong his other hobbies were astronomy, geolog3’, entomolog3’, scientific photograph3 , anthropol- 
ogi, and archaeologi He gaie mam lectures on the-e subject- and compiled an illu-trated lecture on 
'lMa3 an Rmns at Yucatan” For se% eral 3 ears he was the guest lecturer on the Outdoor Program of the 
National Capital Parks and spoke on a wide \ anet3’ of subjects as “Death Valley Da3 s”, “Bird Life”, 
and “With the Lumber Jacks in the Marne Woods” Hi- intere-t and work in anthropolog3 was so out- 
standing that ‘:e\ eral da3 s after his demise a letter arni ed offering him a membership in tlie Anthro- 
pological Societ3' at Albuquerque, New Mexico He was a forceful speaker, and his spoken and wiitten 
language were charactenstic of his cultural background 

“With all of his stem appearance and serious mmd, he was one of the kindest men I hai e e\ er 
known, we shall always miss him”, — ^was the remark of one of his older colleagues with whom he had 
worked for years 

It was \ery fitting that such a man should hare had an ideal famil3 life In September 1925 he 
married Alice Charlotte Johnson, and he is sunned bi her and their two children, Gu3 Whitman, Jr 
and Patricia Alice 



EUGENIO DIAZ LIKA 
1880-1915 

Eiigonio Di.'iz J.ini, Cliilcnn Mirgooii and slalcsman, dird a( Sanfiago, Cliilc. on June 12, 1915, at the 
ago of sixty-live. 

Dr. Diaz IJra studied incdicine at the University of Chile, sj)Cf'ialized in child surgery and ortho- 
paedies under Broca and Kirmis-on in Pari-s, and tlien took a cotiise in (ubcrculons alTcclion.s at Borck- 
sur-Mcr, under Calot and Menard. Upon returning to his native land, he hecamc the first Professor of 
Orthoiiaedie and Infantile Surgery in the Univer.-ity of Chile, and a pioneer in the field. 

He conducted the clinics at the Boherto del Bio Hosiiital for Children for forty years. He founded 
the Nur.«cs’ Training School, and thus luonocred in c.stahli.'ihing this profes.sion in Chile. Likewise, he 
was the founder and Pre.^ident of the Sociedad do Porliatria and the Society of Surgeon.s. In 1930 he 
was appointed Director of the School of Medicine of the Catholic University in Santiago. In addition 
to holding membership in local societies in Chile, Dr. Diaz la'ra was a member of the Societe Frangaise 
dc Pediatric, corresponding member of the Peruvian Society of Pediatries, a member of the Society of- 
Surgeons of Buenos Aires, and an honorary moinber of the American Academy of Orthojiacdic Surgeons. 

The Government of Bolivia conferred upon him the decoration of the “Conrlnr dc loa Andes", in 
recognition of his seri’iccs and profc.ssional aid to .‘••o many Bolivians anil of his invaluable contribu- 
tion to the mutual understanding of Chileans .and Bolivian.s. 

Dr. Diaz Lira is survived bj- his widow and several children. One son, Eugenio Diaz Borden, was 
associated with his father in the jiractice of orthopaedic surgery. 


ANDREW PRITCHARD MacKINNON 
1880-1945 

On June 14, 1945, Dr. Andrew Pritchard MacKinnon died in Winnipeg after a long illness. 

Dr. MacKinnon was born in North Wakefield, Quebec, but had lived in the Province of Manitoba 
since 1883. He was educated at Griswold, Portage la Prairie, and Winnipeg, and was graduated from 
Manitoba Medical College in 1907. After several years of general practice in Portage la Prairie, he 
went overseas with the Eleventh Canadian Field Ambulance, and returned to Canada in 1918. He 
worked in the Orthopaedic Wards of the Fort 0.sborne Military Hospital, and then spent six months in 
the Manitoba Sanatorium at Ninette, gaining experience in the treatment of tuberculosis. In 1920 he 
became associated with the late Dr. H. P. H. Gallown.v, and after the death of Dr. Gallowa 3 " he headed 
the MacKinnon Clinic. 

Dr. MacKinnon was a Fellow of the American College of Surgeons, a Fellow of the Roj'al College 
of Surgeons of Canada, and a Fellow of The American Academj' of Orthopaedic Surgeons. He had been 
President of the Winnipeg Medical Societj'', and was chief of the Orthopaedic Service at St. Boniface 
Hospital and lecturer in orthopaedic surgety in the Uni\-ersit.v of Manitoba. 

Dr. MacKinnon was a man of the highest principles, and will long be remembered b}"- his patients 
for his sincerity and his devotion to their interests. He was of kindlj' disposition, and his passing has 
left a definite gap in the medical life of Winnipeg. 
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News Notes 


PROGRESS ON GRADUATE TRAINING IN ORTHOPAEDIC SURGERY 

Since the statement on Postgraduate Training in Orthopaedic Surgerj' was published in the Oc- 
tober issue of The Journal oj Bone and Joint Surgery, events have developed so rapidly that now the 
need for additional residencies for training orthopaedic surgeons has become an urgent demand. De- 
spite the increased number of approved residencies, there is a much greater need than was anticipated. 
Many heads of services har’e reported a large number of applicants. Our plan to liar'e a registry estab- 
lished for orthopaedic residencies and applicants has not been realized simpb”^ because personnel could 
not be found to handle the work. It is hoped that within a few weeks such a registry will be established. 

A good many services have not been able to execute their reorganization plans as yet, but should 
be ready for additional residents within the next six months. In a good manj’^ instances, residencies are 
being held for men who liad partiall}’ completed their training before entering the Army. The uncer- 
_tainty about the time of discharge for some of these men leaves some residencies unfilled at this time. 
Other men who have applied in advance of their release have been put off until such time as their dis- 
missal date is known. 

Additional services for training residents will be certified in the near future, and it is hoped that 
others will be developed in communities where the committee feels adequate facilities and personnel 
are avadable. Expansion of alread3' existing services will be possible in some instances, but it appears 
that there will not be enough sendees to satisfv the demand. 

In planning new sendees some lack of understanding has been evident regarding the amount of 
training in the basic sciences necessarj' to qualify for the examinations of The American Board of Or- 
thopaedic Surgerj'. Much has been written and spoken about this phase of training, but it was evident 
that a more definite proposal was necessarj' to clarifj’ the Board’s position. To this end the Board pre- 
pared the following statement; 


Preamble 


Pl-axs for Basic Science Training 


It is fundamental that directors of hospitals and medical schools should recognize the 
importance of training in the basic sciences. Residents should be released from hospital duty 
for the time necessarj’ to take these courses, and the medical school faculty and visiting staff 
should provide the necessarj’ faedities and instructors. The Board has specified that six 
months, or approximately one sixth of the total three-year resident^training period, should 
be devoted to the basic sciences,— anatomy, pathologj', physiologj', and biochemistrj’ and 
bacteriologj'. In those institutions approved for two or three years of resident training, inte- 
gration of the work in the basic sciences with clinical training is desirable, provided the work- 
ing schedules for residents are arranged to allow sufficient free time to be equivalent to six 
months of undivided time. 

If matched training is acquired in several different institutions or in localities where ade- 
quate facilities do not exist, a minimum of six months of undivided time should be devoted 
to instruction in basic sciences. 

During the limited time allowed, residents should study that portion of each subject re- 
lated to efficient practice of orthopaedic surgerj'. The trainees should not be expected to be- 
come competent assistants in the departments of anatomy and pathologj'. On the contrarj' 
those departments should have the necessary instructors and facilities to help the trainees 
acquire the required knowledge. 

Therefore, the suggestion is made that the basic sciences be taught primarilj' bj' mem- 
bers of the orthopaedic staff, with assistance from instructors of the basic sciences as indi- 
cated. 


Basic Science Training 

I. Pathology: Perhaps fortj' per cent, of the training period should be devoted to pa- 
thologj'. This should include pathologj' of joint diseases, bone tumors, i-arious diseases of 
bone, soft^tissue tumors, and other diseases, and such general pathologj' as is germane to 
the subject. 

The aim sliould be to establish, under superr-ision of the ortliopaedic staB and residents, 
orthopaedic museums which would include gross specimens, microscopic slides illustrating the 
most important lesions, and case records covering the above. 

II. Anatomy: It is felt that approximatelj- fortj' per cent, of the time in k.a-^ic sciences 
should be spent in anatomj'. Cadavera, when available, moulages. and preserved specimens 
and skeletons should be provided for this studj-. Instruction in operative exposures should be 
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given liy an ortlioiiacdie HtaO' ineinher utilizing lliis analomiea! material. Instruction slioulrl 
also 1)0 gi\'on in tlio relation of anatomy to hody meclianics. 

III. liarlrnnJogij: Apja’o.viniafeh’ ten per cent, of llic time .slionld ho .s{)critin the clinic 
application of hactoriolfjgy. The study of flie relation of bacteriology to wound healing, tl 
tlora of wonnds, gross infections, and the relation of aniibodie.s and tre.afmont of wounds ' 
ciiemotln'i'apy, .and a review of I lie .•'uliject of virus discase.s .slioidd 1)0 included. 

IV. Pfii/.y-ioloflli nnd /ffoc/ic/aolrg: Again, we suggc.st that ton per cent, of the time fi 
b.a.sic sciences he allotlcal to these subjects. .Seminars .should he conducted on shock, llui 
h.alama'. electrolytes, blood substitutes, acids, c.alciiim .anrl i)ho«i)honis, metabolism, and tl 
chemistry of joint, fluids. 

V. Seminars or conferences are considereil niost suil.abic for the review of this subjec 

Trom this it should be elc.ar that the review of the b.asic sciences nniy be given in the form of ash 
months’ course, or it imiy be sjircad through the training jU'ogriim. It is suggested that tlie entire oi 
thoi)aedic start should take p.'irt in the training program; they themselr'cs will benefit from such pai 
ticipation. 

In some communities the shift of p,'itients from Jjospital .servire.s and out-patient clinics to the c.ai 
of private specialists has left hospital servici's ^horl of maloriid for training j)ur))Oses. Anticipating ricI 
a state of afiairs, last .lannary the Board ])as'cd the following rc.-'ointion : 

“In special instances, with the apiiro\'al of the Committee on Ilcsirlcnt Training, the Board wil 
recognize for not over two years’ (r.ainiiig in orlhoi)!iedic smg(>ry periods of training in which the can 
didato cond)ines work in a hospital seiadco with p.art-tmn' a'-.-i.-'tantshii) to an orthopaedic snrgeon cer 
tified by The American Board of Orthoj)aetlic .Snrgci-y, provided that the major part of liis time is spen 
in the hospital service,’’ 

In order to make such a service accoi)table, a dc"<'ription of the hospital and office services with .ar 
outline of the propo.scd sc))cdnlc for work sliouhl bo filed wit!) Ibe Board. 

A registry lias reecntir’ been estal>)i.'l)cd. and it is .'•iiggcstcd (hat fi'oin now on all persons seeking 
appointments to residencies and all heads of services seeking men to fill their residencies contact Dr 
A. E. Shands, Jr., Bo.x 2G9, IVilmington, Delaware. 

There will be a booth at the meeting of The .American Academy of Ortl)opaedic Surgeons in Jan- 
uary 194G, whore information regarding residencies can be exx'bangccl. 

/?. K. Ghormley, M.D., Chairman 


THE AMERICAN ACADEMY OF ORTHOPAEDIC SURGEONS 


The Thirteenth Annual Convention of Tlie American Academy of Orthopaedic Surgeons will be 
held at the Palmer House, Chicago, Januaiy 20, 21, 22, and 23, 1946, under the presidency of Dr. E. 
Bishop Miimford. 

Registration will begin at ten o’clock, Saturda}'' morning. January 19. During the afternoon, 
motion pictures will be presented, and in the evening the Instructional Section Dinner will be served. 
The program for the evening wifi include a panel discussion of “TJie Painful SJiouJder and Upper 
Extremity”. 

The Scientific, “New Ideas”, and Technical Exhibits may be visited on any of the Convention days, 
and several programs of motion pictures have been planned. 

Tlie program prepared by the Sub-Committee on Instructional Courses includes a series of teacli- 
in«- periods, dealing with fundamental topics related to orthopaedic surgery. The regions to be covered 
this year are; (1) The Foot and Ankle; (2) The Knee; (3) The Hip; and (4) The Shoulder. The 
Courses are as follows: 


COURSE I. THE FOOT AND ANKLE 

Orthopaedic Anatomy of the Foot and Leg. 

Symptoms, Pathology, and Diagnosis. 

Diseases of the Foot and Ankle with Special Reference to Treatment. 
Treatment of Traumatic Lesions of the Foot and Ankle. 


Theodore A. AVillis, M.D. 
Lenox D. Baker, M.D. 
J. Warren Wliite, M.D. 
Harry Winkler, M.D. 


COURSE II, THE KNEE 


Orthopaedic Anatomy of the Knee. 
Symptoms, Pathology, and Diagnosis. 
Diseases of the Knee Joint. 

The Treatment of Traumatic Lesions 


of the Knee Joint. 


Allen F. Voshell, M.D. 
Robert V. Funsten, M.D. 
J. Albert Key, M.D. 
John R. Cobb, M.D. 
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counsE in. the hip 

Orthopaedic Anatomy of the Hip. 

Symptoms, Pathologj’. and Diagnosis. 

The Treatment of Di.'eases of the Hip Joint. 

Traumatic Hip Lesions witli Special Reference to Treatment. 


John J. Fahey, AID. 
A. Bruce Gill, AIJD. 
Alan DeForest Smith, M.D. 
Lawson Thornton, M JD. 


COUllSE IV. THE SHOULDER 

Orthopaedic .\natomy of the Shoulder. 

Symptoms, Patholog>'. and Diagnosis. 

Treatment of Xon-Traumatic Lesions of the Shoulder. 

Treatment of Traumatic Lesions of the Shoulder Joint. 


Major J. E. Milgi'am, M.C. 
Toufick Nicola, MJD. 
Da^dd M. Bosworth, MJD. 
Harrison L. AIcLaughlin, M.D. 


COURSE V. PHYSIOLOGY 

Phj’siologj" of Bone in Health and Disc.ase. C. H. Hatcher, MD. 

The Orthopaedic Physiolog\’ of Nerves. Edward L. Compere, MD. 

Plij'siologj- of Muscle. Eben J. Carey, MD. 

The Normal and Pathological Anatomy and Physiologj’ of Articular Structures. Granville A. Bennett, MD. 


COURSE VI. ORTHOPAEDIC X-RAY 

The X-Ray Investigation of Certain Orthopaedic Problems. 


S. A. Morton, MD. 


COURSE vn. IXEAXTILE P.ARALYSIS 

The Treatment of Anterior Poliomyelitis in the United State.s: Historj’ and Development. 

Ralph K. Ghormley, MD. 

Present Methods of Treatment in .-Vnterior Poliomyelitis. William T. Green, MD. 


COURSE VIII. PRINCIPLES OF FR.ACTURE MAN.AGEMEXT 

Principles of Fracture Treatment. 


Paul B. Magnuson, M.D. 


COURSE IX. COXSERV.ATH'E TRE.ATMENT OF LOW-BACK SYNDROME 

The Conservative Treatment of the Low-Back and Sciatic Syndrome. E. M. Regen, MD. 


COURSE X. CEREBRAL PALSY 

Cerebral Palsj'. W. M. Phelps, AI.D. 

COURSE XI. POSTURE 

Posture. Captain Frederick A. Jostes, M.C. 

COURSE XII. CLUB FEET 

Treatment of Congenital Club-Foot. J. H. Ivite, MD. 


COURSE XIII. FR.ACTURES OF SHAFT OF FEMUR 

Treatment of Fractures of the Shaft of the Femur. Guy A. Caldwell, M.D. 

The Monday morning session will be devoted to a Symposium on Degenerative Hip Disease : 

' tiologj' and Pathology of Degenerative Hip Disease. Dallas B. Phemister, MD. 

Conservative Treatment. Paul C. Colonna, M.D. 

Arthrodesis of the Hip Joint for Degenerative Hip Disease. G. Edmund Haggart, MD. 

rthroplasty of the Hip for Degenerative Hip Disease. Carl E. Badgley. MD. 

ri ling Operation and Summary. Melvin S. Henderson, M.D. 

On Monday, Tuesday, and Wednesday- the Scientific Program will be presented, and .Academy 
uimheons will be held at one o’clock on each of those daj’s. There will be Executive Sessions at noon 
Wednesday. The following program has been announced by the Program Commit- 
tee. Dr. Robert W. Johnson, Jr., Chairman: 


Ajtcmoon Session 


Mond.\y, Janu.uiy 21 


ombined Neurectomy and Bone Graft in Spastic Torticollis. 
Alfred W. Adson, M.D.. Rochester, Minnesota. 

H. Herman Young, MD.. Rochester, Alinnesota. 

Ralph K. Ghormley, M.D.. Rochester. Alinnesota. 
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Sympudiolic lilock of (lie Stolhitc Gsuiplion; I(s Apj.liratioii in Orfliopnciiic Conditions. 
Citiy A. Caldwell, M.D.. New Cirlcans', Louisiana. 

T. F. Hioderiek. iM.D. 
n. M. Fo.s-o, M.D. 

Tlio Operative Treatment of Seolio.^'s— A Correetive Ai.pliancc Snper.M'dc.s- llic jjent, Cast. 
■Walter P. Plount, M.D.. Milwaukee, W i'-coti-sin. 

Albert C. Scluniflt, M.D.. Milwaukee, Wi.M'OU.sin, 

Segmentations During Coniraclinn of Mammalian Skeletal Muscle. 

J. F. Markee. M.D.. Durham, North Carolina, 

II. Lowenbaeh. M.D.. Durham, North Carolina. 

Use of the Tlircc-Flaiigcd Nail in Knee I’u.'-ion. 

Daviil M. Bosworth, M.D., New York, N. V. 


{ 


Timsn.w, .I.\Nu.\jtY 22 

Morning Session 

Indications and Results from Mold Arthroplasty and Other Plastic Operations on the Hip. 

Pan) IJ. Hannon, M.D., Milton, We.st 'Fij/'inia. 

Arllirodcsis of the Hi}), Brittain Type. 

Joseph A. Freiberg, M.D., Cincinnati, Ohio. 

Treatment of Congenital Di.slocation of the Hip. 

Edward L. Compere, M.D., Chicago, Illinois. 

Mobilization of tiie Mctacari)oi)linlangoal .loint.s— Arthroiila.sfy and Cnp.sulotoniy. 

Captain Samuel B. Fowler, M.C., A.U.S. 

Ps 3 'chological Problems Observed in Military Ortho})actiie Surgciy. 

Major J. l^’eruon Luck. M.C., A.U.S. 

Factors Influencing Bone Rc;)air in Ojicn Reductions of Fractures. 

Jean Verbrugge, M.D., Antwerp. Belgium. 

Afternoon Session 

Treatment of Compound Comminuted Fracture.s of the Elbow Joint by Resection of Fragments. 

Commander J. T. Nicholson, M.C., U.S.N.R. 

Restoration of Bono Streugtli with Reinforcement Bone Grafts. 

Lieutenant Colonel George K. Carpenter, M.C., A.U.S. 

Major Robert T. Rosenfeld, M.C., A.UB. 

Major Karl F. Mech, M.C., A.U.S. 

Reconstruction of Defects of Tibia and Femur witli Apposing Massive Grafts from the Affected 
Bone. A Preliminary Report. 

Major John J. Flanagan, M.C., A.U.S. 

Captain Heniy S. Burem, M.C., A.U.S. 

Skin Grafting in the Treatment of Osteomyelitis. 

Lieutenant Colonel Robert P. Kell}'-, M.C., A.U.S. 

Overseas Treatment of Compound Fractures of the Long Bones. 

George 0. Eaton, M.D., Baltimore, Maryland. 


■V\’'EDNESDAy, January 23 

Morning Session 

Neurectomy to Produce Atrophy of Amputation Stump. 

Alfred 0. Adams, M.D., Spokane, IVashington. 

Conservation of Short Amputation Stumps by Utilization of Tendon Section. 
Lieutenant Colonel Harry C. Blair, M.C., A.U.S. 

Major Harry D. Morris, M.C., A.'U.S. 

The Technique of the Syme Amputation. 

Major R. H. Alldredge, M.C., A.U.S. 

Lieutenant Colonel T. C. Thompson, M.C., A.U.S. 

Amputation of Upper Extremity. 

Captain H. H. Kessler, M.C., U.S.N. 

Amputations of the Lower Extremity. 

Commander D. D. Toffelmier, M.C., U.S.N.R. 

Afternoon Session 

Disability Evaluation of the Hand. 

Major Donald B. Slocum, M.C., A.U.b. 

Captain Donald R. Pratt, M.C., A.U.S. 
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Cellophane in Reconstnictivc Orthopaedic Surgery. 

Duncan C. McKcever, MX)., Houston, Texas. 

Operative Creation of New Gliding Channels for Tendons and Muscle Bellies. 

Major J. E. Milgram, M.C., A.UB. 

The Repair of Knee Ligaments by Cutis Graft Transplants. 

Randolph L. Anderson, M JD., Charleston, West Virginia. 

Semi-Delayed Bone Graft for Subcapital Fractures of the Hip. 

Arch F. O’Donoghue, AIT)., Sioux City, Iowa. 


THE BRITISH ORTHOPAEDIC ASSOCIATION 

The -Annual Meeting of the British Orthopaedic .Association was held at the Royal College of Sur- 
geons of England on October 26 and 27, 1945. 

Mr. St. J. D. Buxton, in his presidential address, reviewed methods of preventing accidents, and 
stressed the importance of teaching first aid. Fatal industrial accidents have decreased in number, but 
ihere has been a steady increase in all reported accidents in recent years, particularly in injuries of the 
feet and hands. The financial cost and loss of production resulting from industrial accidents in England 
have been estimated as seventy million pounds a year. Propaganda is needed for the further education 
of the workman in safety-consciousness. Members of the Association were urged to aid in preventive work 
by inquiring as to the exact causation of accidents, and to effect closer cooperation with those concerned 
with industrial medicine. The surgeon’s aim is to return the injured man to his work in a fit condition 
as soon as possible, and to reduce disabilit 3 ’ to a minimum. During treatment, the patient must be kept 
fit mentallj’ as well as phj’sicallj'. A nationwide accident service is required, especially for industrial and 
road accidents. 

Professor T. P. McMurraj’ gave an interesting account of the historical background of Hugh Owen 
Thomas, and described the classical splint which Thomas and his disciples called the “bed knee splint”. 
The efficiency of this appliance, which Thomas evolved in his own workshop, was emphasized. Almost 
all of the improvements and alterations since made in this splint had been tried out by Thomas and 
discarded. The details of construction, measurement, and application of the splint were described. The 
simplicity of the original design meant that there was little to get out of order. 

Congenital Dislocation of the Hip 

Professor J. Leveuf, of Paris, described his investigations, based upon arthrographj' and operative 
findings, which showed that there was a complete difference between congenital sublu-xation and con- 
genital dislocation of the hip. He disagreed with the generally accepted view that subluxation is a pre- 
liminary stage, leading to dislocation. In arthrograms of dislocation, the limbus produced bj’ the upper 
portion of the cotyloid ligament or cartilage was visualized as a downward projection, causing the usual 
hour-glass contraction; in subluxation this shadow was never found, for the limbus was pushed upward 
and was compressed against the ilium. In dislocation the head of the femur was small and the liga- 
mentum teres persisted; in subluxation the femoral head was large and the ligamentum teres was absent. 
There was no other interposition of soft tissue in subluxation. Anteversion of the femoral neck was an 
early finding in subluxation; it was a late or secondarj' deformation in dislocation. In discussing treat- 
ment of this condition. Professor Leveuf stressed the need of getting a hip in which the femoral head 
conformed to the acetabulum. Closed reduction was onlj- suitable under the age of two j'ears ; after this 
age he favored operation. In those cases requiring reconstructive work to restore the bony conformation, 
he favored a transtrochanteric intra-articular approach, in which osteotomj* of the femoral neck was 
carried out, if necessary, and the acetabulum was deepened by turning down its roof and inserting a 
graft above it. 

Mr. J. S. Batchelor re%'iewed the problem from the point of view that congenital dislocation of the 
hip was an external rotation-adduction deformity with three stages of severitj-. Treatment consisted in 
correction of soft-tissue contracture by gradual abduction, followed bj’ manipulative reduction and re- 
versal of the deformitj' with encouragement of normal development bj- function. For this purpose he 
used knee plasters joined together bj' a crossbar; the hips were held in abduction and internal rotation, 
but were otherwise free to move in flexion and extension. For cases showing redislocation, anteversion, 
and valgus of the femoral neck, osteotomy to reduce these deformities was carried out after the femoral 
head had been replaced in the acetabulum. 

Mr. H. A. T. Fairbank remarked that Professor Leveuf appeared to do open operations more often 
than was thought necessarj- in England, yet his results were excellent. Hitherto Mr. Fairbank had thoucht 
that the problems of anteversion and valgus had been overstressed; evidenth- he was wrong. Anterior 
anspodtion or anterior dislocation, he thought should be left alone, since patients with this condition 
■alk very well. 

Professor Hany Platt, speaking from more than thirty years’ experience with nearly 500 cases. 
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strongly sii]>jH)rl(:(i Profosj-or Lcvciifs view (hot aini <!ir<Ioc!ilioii wore two <listincl morplio- 

logicai ('iititics. lie also I)cli(‘vc(i liiat llic foiiioral lnauis were naturally plaeed posteriorly in many enses 
atui anteriorly iti otliers. He denied that the fortner eoiihi he forced info tin- latter jiosition, and lie a !:0 
believed that the iiosilion of marked internal lotalion was daimerotis for fixation. 

Mr. G. K. Girdlostone ex[ire,'-'ed anxiety ov<'r the risk.-; of avasenlar changes in the femoral head 
after extensive intra-articniar operations. 

Sir Reginald \\ atson-Jones, .su|iporting Professor Pl.attV rdew.s. thought that there were many 
morj)hological types. He dislingnished three main type-, from the point of view of treatment. The first 
gronj) inciudeii those hips which werc' rednci-d m lull nhdnction, and after a year remained reduced. In 
the vS'oeond group, .after ;i ye.ar of .abduction, the hip tended to suhluxate t-nnn after the patient iv.i3 
allowed to kick about in bed. In the third group, despite full ahiluction, the he.ad.s were never fully 
replaced in the aia't.abuka. I he sta-ond and third groii(>s reipiired ojierative treatment, and patient.? in 
the third grouji should be recognized early ami o|ieraled ujion prom{)lly. He believed that there w.as less 
risk of osleo-arlliritis in c.ase.s with ineongriiity of e.ai)if.al and acetabular form than there wa.? in those 
with avascular changes in the temoral head, for this rea.son he felt that a long period of observation 
was needed before Profe.s.sur Levenf's resiilis eoiild be judged. 

Mr. B. L. Mel'arland regardeil anterior tr:it)^i>ii-'ilif>n as inr.'ininL; th/‘ ruiwp of the femoral iie.ad 
under the reetns tendon and ^-shaped ligament; it was not a eom[>lele anterior di.-loeation. The more 
he had seen of aecla!mIoi>!asly, the le.ss satisfied was he with the results. Remolding of the hip joint was 
dependent upon the proiicr direelion of the thrust of the femoral head into the acetabulum; therefore he 
advised maintenance of abduction during (he muly walking stage.' of treatment. 

Mi.«.s Maud I'orrester-lirown urged the iinportaiiei' of the fimetional rare of mu.=cular activity. 

Professor Leveuf, in roiily, said that tnic dislocation was more ditlienll to reduce by non-operative 
methods; the c.ase of “reduction” m -snblnxafion was deceptive and the rc.snits Iry this method were likely 
to bo disappointing. If the hij) was left in a .state of .sublu.v.ation, o.steo-arthriti.s would be certain to 
occur. He stressed the value of (he arthrogram. not only for diagnosis, but also a-s the most satisfactory- 
test for reduction. Ho was convinced of the \'ahie of his com[>lctc ojicration. In 202 cases in which ho 
had done open operations, he had had only one ease of necro.ds of the femoral head. The secret was 
that there was no interference witli the blood siipjily which entered the femora! head from the soft tissues 
below the femoral neck. 

Mr. Batchelor remarked that his method of lioldiiig the hip joinf.s, while allowing movement, ensured 
the maintenance of extension as well as of flexion. He had had no troulilc with stiffness, resulting from 
the internally rotated position. The happiness and comfort of (he patients was noteworthy. If stiffness 
occurred, it was due to mismanagement. 


Orthopaedics in Medical Education and in Regional Hospital Services 

Starting with the definition of Robert Jones that ortiiopacdics is "the treatment by manipulation, 
operation, re-education, and rehabilitation, of the injuries and diseases of the locomotor sj-stem", Pro- 
fessor Harry Platt of Manchester reviewed the evolution of specialism in surgeiy, or diflferentiation, as 
a changing pattern. There are two fundamental requirements; each surgical specialty- must continue to 
advance the general craftsmanship of surgery, and — of even greater significance — ^it must contribute to 
general ideas. Richness of technological advances docs not compensate for poverty- of ideas or of vision. 
The recruitment of men and women, trained in scientific and historical methods and with high standards 
of scholarship, is needed for the preservation of vitality- in the differentiated fields. Professor Platt re- 
garded abdominal surgery as the “romantic” movement in surgery-, w-ith its growth during the twentieth 
century; orthopaedics, embracing a large part of the general surgery- practised by- the nineteenth-century 
surgeon, he regarded as being rooted in tire classical jieriod. Tlie automatic right of the abdominal sur- 
geon to assume leadership in the affairs of surgery- can no longer be admitted. A plea was made for more 
satisfactory integration of undergraduate teaching in orthopaedics, — ^not to instill the details of comph' 
cated techniques, but to introduce and to explain to the student the clinical plienomena of the disorders 
of locomotion, the biological and social background of crippling disease, and the ancient therapeutic 
methods of rest, fixation, and purposive movement. Orthopaedic teaching must permeate the undei- 
graduate course. In postgraduate education three types of instruction were considered: the training o 
the orthopaedic surgeon of the future; postgraduate instruction of the short intensive type; and training 
for higher degrees or diplomas in orthopaedics, the desirability of which was doubted. 

In the Regional Hospital Service of the future, the ortliopaedic services were envisaged as of b\o 
tvnes In an area with a population of 150,000, one ortliopaedic-accident surgeon would be associate 
with two aeneral surgeons in the key hospital, his time being devoted predominantly to the problems 
tolTslch an area unit wonld not supply enough examples of the rarer orthopaedic problems to n- 
ablHhe peripheral orthopaedic surgeon to become expert in their handling. Certain types of rvoik, 

1 nci flip lone-term care of the crippled child and of surgical tuberculosis, were already, in e , 
regionalized by State action. Some of the more specialized orthopaedic problems must be diroctc ei i 
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to university centers or to county orthopaedic hospitals. The link between central and peripheral ortho- 
paedic departments must be preserved through the association of the staffs of one with the other. 

Epidemic of Poliomyelitis 

Professor H. J. Seddon of Oxford, in describing an epidemic of poliomyelitis in Mauritius, found 
that the evidence strongly suggested the transmission of the disease through personal contact. He de- 
scribed the conditions of this colony, with its mixed population, and its difficult social and economic state. 
Later he outlined a scheme for the advancement of orthopaedics in the Colonies, where great opportu- 
nities exist for young orthopaedic surgeons. The appointment of such men would be part of a scheme 
that related them to orthopaedic establishments at home, through which, after three j’ears or so, their 
future security would be assured. 

Splint Construction 

Mr. Norman Capener of Exeter demonstrated two splints, which he thought embodied a new prin- 
ciple in splint construction. They were based upon existing types used for the substitution, or support, 
of deficient muscle acti\'ity, as in the familiar toe-raising spring for paralytic equinus. Such appliances 
* usually had springs attached to a rigid framework, whereas the present appliances were themselves con- 
structed into “lively” springs. The appliance for drop-foot, in which the upright element (either single 
or double) was suitably tempered and coiled at the level of the ankle joint, had the advantage of per- 
mitting some lateral mobility in the foot. The second splint, used in ulnar intrinsic paralysis, was based 
upon an original design, produced by Mr. A. M. Hendry' and his co-workers at Derwen, Oswestry', and 
possessed great advantages of “liveliness” over previous ulnar sphnts, which rigidly maintained flexion 
of the knuckle joints. 

Arthrography oj the Knee Joint 

Squadron Leader E. Somen'ille, Royal Air Force, demonstrated an improved technique for the 
diagnosis of lesions of the knee joint by air arthrography. A series of 331 knees had been investigated 
and a very high degree of accuracy in diagnosis had been achieved. Success depended upon attention 
to the following details: The joint was examined under anaesthesia and filtered air was injected until 
it was full ; the intra-articular pressure was then temporarily increased by bandaging over the supra- 
patellar pouch; the joint was placed in position over a curved cassette; a sinus cone was used; and 
radiation was directed accurately in seven tangential planes. 

The Fractured Femur . 

« 

Three different methods of treating simple extra-articular fractures of the femur were discussed. 

Mr. R. G. Pulvertaft of Grimsby dealt with fractures of the trochanteric region, for which he pre- 
ferred the Hamilton Russell method of balanced traction without splintage. The advantages of this 
method were efficient traction with the joints in the optimal position; complete comfort and muscular 
relaxation; the maintenance of muscular condition and knee-joint movement; and reduction of chest 
and decubitus complications, owing to the freedom of the patient to sit up and change position. Care- 
ful supervision was essential. This method had given a high proportion of favorable results. 

Major John Chamley of the Royal Army Medical Corps, in discussing the treatment of fractures 
of the femoral shaft by fixed skeletal traction, stressed the importance of controlling lateral angulation 
and of maintaining immobilization of the fracture, and therefore of the knee joint, for fully eight weeks. 

A special apparatus, which he had devised, was used m conjunction with the Thomas splint; it was 
especially designed to give precision, and to be relatively foolproof after accurate adjustment by the 
surgeon. The essentials were traction upon a pin through the upper end of the tibia, pulling along a line 
posterior to the femoral axis, with the femur supported across an especially shaped, padded metal 
fulcrum. Lateral control was achieved by pads screwed to adjustable attachments to the lateral bars. 
Early movement of the knee was inadvisable and unnecessary'. 

Mr. G. R. Fisk adopted a completely opposite course for fractures of the femoral shaft. He estab- 
lished early movement by the use of skeletal traction in a flexing splint; this was made from a Thomas 
splint, sawed off at the knee level and joined by an articulation of the Pearson type. 

Mr. V. H. Ellis, in a study of 420 recent fractures of the femoral shaft, supported the advocates of 
early movement of the knee. The causes of limited flexion were intra-articular adhesions, fixation of the 
quadriceps, scarring in the region of the fascia lata, especially in high compound fractures, and trans- 
ixion of the muscle by spicules of bone. 

Actinomycosis 

^fr. C. H. Cullen of Winwick reported on five cases of actinomycotic infection of gunshot woiind=, 
in four of which the organism was of an unusual aerobic type. .-Ml of the cases were chronic and resistant 
to treatment. Adequate surgical measures, combined with penicillin, .=eemed to be of most use. It was 
interesting that penicillin was beneficial in cases in which concomit.ant organinns were insensitive to 
penicillin. 
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NIOWS NOTES 


PoUicizalion oj the Index Finger 

Mr. E. W. BinlclifTc (icinon-stralccl two i>filienl.s wlioin lie had siiccossfiilly treated, in conjunction 
with Major Kilikian, United Stales Army Medical Corp.s, by pollicization of the index finger after am- 
putation of the thumb. In .such cases, the web space between the index finger and the middle fingers 
was deepened by dissection. The second metacarpal was divided, allowing the index finger to be abducted, 
and was attached by wire sutures cither to the remains of the first metacarpal or to the trapezium. The 
defect created between the new thumb and the middle finger was filled by a skin graft. It was desirable 
to carrj- out abduction by traction, with a wire transfixing the index finger. The two patients shown had 
ver 3 ' good function in the “thumbs” thus jiroduccd. 

Clinical Photography 

Mr. P. G. Hcnncll stressed the importance of color reproduction in clinical photography as an aid 
to scientific recording and medical education. lie believed that in five years black-and-white photography 
would largely have been superseded by color in the production of scientific records. The apparatus which 
he had used in clinical photography was demonstrated, as well as a wide selection of color photographs 
of surgical procedures. 

At the meeting on October 26, the following A.ssociate Members were elected: 

A. Anderson Bonar, F.R.C.S.E., Ashington, Northumberland. 

Miss R. E. M. Bowden, M.B., B.S., London, W.C.l. 

Hedley W. Hall, r.R.C.S., Winchmore Hill, N. 21. 

Capt. T. P. N. Jenkins, R.A.M.C., Surbiton, Surrey. 

Capt. I. N. Mclvcr, R.A.M.C., Colchester. 

Lt. Col. C. M. Marsden, R.A.M.C., Millbank, London, S.W.I. 

D. A. Richmond, F.R.C.S., Ulverston, Lanca.shire. 

Squad. Ldr. D. P. Rowe, R.A.F., c/o Bank of New South Wales, London, W.l. 

A. F. Rushforth, F.R.C.S., Watford, Hertfordshire. 

Squad. Ldr. J. J. Williams, R.A.F., Northallerton, Yorkshire. 


WAR REPRINT SERVICE OF THE JOSIAH MACY, JR. FOUNDATION 

Doctor Rappleye, President of the Foundation, announces that more than 5,000,000 copies of over 
400 leading medical and scientific articles have been published by the Foundation’s War Reprint 
Service during the last three years for medical officers of the Armed Forces of the United States and, 
■in so far as possible, Canada, England, New Zealand, Australia, the Union of Socialist Soviet Republics, 
and China. Doctor Rappleye said that, with the plans for demobilization of the Armed Forces, the 
Reprint Service will be discontinued by January first. 

The Reprint Service of the Foundation has been an effort to bring new and important develop- 
ments in the science and practice of medicine to medical officers who were largely cut off from the 
sources of medical information during the war. In the selection of these articles, the Foundation has had 
the active cooperation of the Committee on Pathology of the National Research Council and of the 
National Committee for Mental Hygiene. The articles selected for reprint and distribution were those 
dealing with the most recent scientific developments which had a direct bearing on medical and health 
problems related to military service. The distribution to the medical officers was worked out in coopera- 
tion with the Surgeons General of the Army and Navy and the Air Surgeon. Through the courtesy of 
the National Committee for Mental Hygiene, more than 1,000,000 reprints were delivered to medical 
officers of neuropsychiatric units. 

In addition to the articles reproduced from journals, the Foundation has published for the Air 
Surgeon five original monographs, prepai-ed by medical officers of the Army Air Forces, dealing with 
personality disturbances occurring in combat zones. Over 95,000 copies of these monographs were dis- 
tributed by the Reprint Service as official documents of the Office of the Air Surgeon. Eight additional"'" 
monographs and nine reviews of medical literature on subjects of military interest have been prepared 
and 70,000 copies distributed. 

Since August 1944, a News Letter for the Rheumatic Fever and Streptococcus Control Program 
of the Army Air Forces has been published monthly for the Air Surgeon, and over 1,000 copies each 
month have been mailed to interested medical officers, military hospitals, and medical-school libraries. 

Through the cooperation of the Interdepartmental Committee on Cultural and Scientific Coopera- 
tion of the Department of State, 60,000 reprints have been distributed to medical teachers and investi- 
gators in forty-eight foreign countries. The Office of War Information requested permission to circulate 
the Foundation’s reprints among more than thirty foreign Outposts, and has reduplicated selected 

articles for distribution to medical leaders abroad. . ait r. • ^ o • 

The Foundation has expended over $225,000.00 m financing the War Reprint Service. 
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Surgeons announcing tlicir return to civilian practice from service in the Armed Forces include the 
Following : 

Edgar M. Bick, M.D., 1112 Park Avenue, New York 28, N. Y. 

John J. Donaldson, MJ)., 121 University Place, Pittsburgh, Pennsjdvania. 

Claude B. Smith, M.D., 603 Atlas Building, Charleston 1, West Virginia. 
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Cleveland Clinic Quarterly (Ohio), 12: No. 4, 1945. 

Department of Public Health, City and County of San Francisco (California), Venereal Disease 
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Tun lNTi;nvi:UTi:iiitAi, Disc. Spiicial Eni'KitcNci; to Rui’Tuiii; of Tim Annui,us Fidrosus with 

Ilr.RNiATioN OF TiiK Nuci-F.UR Pui.vosu.s. F. Kci)h Bnulford, M.D., and R. Glonn Spurling, M.D. 
Ed. 2. Springfield, Illinois, Charles C. Thomas, 1915. St.OO. 

Less tiian a dozen years ago, lliere was added to tlie list of eoinmon rauses of low-back pain and 
sciatic pain the clinical entity of a ruptured intervertebral disc. It soon became evident that disc 
lesions accounted for many of these cases. So important is this problem in clinical practice that the 
literature on the subject has become extremely voluminous. It is difficull— perhaps impossible— for the 
general practitioner and surgeon to road and a.'.-.scss the value of the flood of articles about disc lesions. 
The profession therefore welcomed the first edition of Bradford and Spurling’s small volume. It has 
saved innumerable hours of reading, and ofTcrs in one compact volume, well illustrated, practically all 
of the present knowledge concerning the intervertebral disc. 

The second edition of this volume brings this information up to date. There is very little to 
criticize, and much to praise. The rem'ewcr feels that (he authors might well have laid more emphasis 
on the value of combined removal of the ruptured intervertebral disc and spinal fusion, as the present 
trend is toward stabilizing the spine b 3 ’’ means of fusion at the time the laminectomy is done. This 
volume should bo on the book shelf of overimne Ircaling patients with low-back pain and sciatic pain. 

Atlas of Surgical Approaciiks to Bones and Joint.s. Toufick Nicola, M.D., F.A.C.S. Foreword by 
Norman T. Kirk, The Surgeon General, United States Armj'. New York, The Macmillan Corn- 
pan}', 1945. S5.00. 

The principle of visual education is aiiplied to orthopaedic surger}' in an atlas which should prove 
of value alike to the student and to the practising .surgeon. Drawings made from his own anatomical 
dissections have been produced b.y Nicola to illustrate cicarlj' each step in the various surgical approaches 
to the bones and joints, beginning witli the skin incision and proceeding in anatomical sequence. The 
illustrations are accompanied b,v a brief description of the course to be followed and some of the pitfalls 
to be avoided, but the text does not include a discussion of surgical techniques, because the author 
believes each surgeon will develop his own. 

The clarity and conciseness of this work make it useful as a reference book, as well as a working guide. 

Pediatric X-Ray Diagnosis. A Textbook for Students and Practitioners of Pediatrics, Surgeiy and 
Radiology. John Caffey, A.B., M.D. Chicago, The Year Book Publishers, Inc. 1945. S12.50. 

During the past thirty-five 3 ’’ears, no textbook of diagnostic roentgenolog}' in infants and children 
has appeared in the English language. The need has been acute, as it is often all too obvious that the 
training of the average roentgenologist in roentgenographic diagnosis in children has been insufficient, 
and his interpretations are, therefore, faulty. Man}' pediatricians and surgeons have attempted roent- 
genographic diagnosis with an insufficient!}' broad background, and for them a book, written by a 
roentgenologist, can present a considerable accumulation of useful knowledge in this field. 

All phases of disease in early life are dealt with, and, from the vast experience of the Babies' 
Hospital in New York, Caffey is able to present much that is new and not readil}' available. This 
material proves interesting, and the illustrations and drawings are e.xcellent. One regrets that certain 
aspects of disease appear incomplete or superficial, and that some conditions are not even mentioned, 
but probably the subject had become too large for complete treatment in a single volume. 

The book is divided into six sections: the head and neck, the thorax, the abdomen and gastro- 
intestinal tract, the pelvis and genito-urinary tract, the extremities, and the vertebral column. Each 
section is headed by an excellent discussion of the normal and developmental anatomy. Many of th( 
normal variants and nearly all diseases peculiar to early life are lucidly described and beautiful!) 
illustrated. The bibliography is adequate, although incomplete. The chapters on the spine and ex- 
tremities are particularly good and should be of considerable interest to orthopaedic surgeons. 

To all who have occasion to examine the roentgenograms of infants and children, the book shoulo 
be of inestimable value, not only because there is no other text available in English, but because Caffe}’ 
presents a book replete with useful information in a style that makes the reading of his text extraordi- 
narily profitable and a real pleasure. 

Amputation Prosthesis. Anatomic and Physiologic Considerations, with Principles of Alignment 
AND Fitting Designed for the Surgeon and Limb Manufacturer. Atha Thomas, M.D., F.A.C.S., 
and Chester C. Haddan. Philadelphia, J. B. Lippincott Company, 1945. SS.OO. 

This book is a practical guide in the problems of extremity prosthesis. The selection of the site of 
amputation and the accredited technique of the present day in the creation of the stump, its aftercare 
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and conditioning, are correlated with tlie proper fitting and alignment of the prosthesis. The matenals, 
mechanisms, sockets, and suspension apparatus are clearly and authontatn ely presented from the 
practical standpoint 

The cliapter on alignment and fitting is especially well done, and fills a long-felt need. It should 
be of great benefit to all concerned. Indeed, the entire book is well done The upper-extremitj’ pros- 
thesis IS fully discussed, and the shortcomings arc presented in a straightforward and stimulatmg 
manner The chapter on prostheses for children adequatelj' covers a neglected field and adds to the 
ment and lalue of the book. 

This 2S9-page \olume is the result of the collaboration of two authonties on the subject, one a 
well-known orthopaedic surgeon, the other an expenenced hmbmaker Both are thoroughgoing stu- 
dents of their respective fields. The book is a valuable addition to the orthopaedic librarj-. 


Gener.\l A^D Fustic Surgery, with Emphasis ov War Injuries J. Eastman Sheehan, MJD Xew 
York and London, Paul B Hoeber, Inc. (Medical Book Department of Harper Brothers), 1945 
S6 75. 

This book was wntten by a well-known plastic surgeon, who has published several treatises on 
plastic surgeiy and has seen a good deal of war surgery in Spam and Bntain He has endeavored to 
show the application of the pnnciples of plastic surgery to general surgerj-, but most of the book is 
deioted to general surgery' with particular reference to battle injuries Sheehan has borrowed many of 
his facts and many illustrations from Bailey, who has published a great deal on traumatic surgery' The 
author gives credit to many' plastic surgeons, both at home and abroad, for helpful suggestions m pre- 
panng the book, which is written with the hope that lessons learned from the War may' be applied to 
peacetime surgeiy. 

The first chapter deals with general considerations, including the types of missiles found in various 
types of fighting, the ty'pes of wounds made by such missiles, the need for prompt treatment, methods 
used to combat shock and pain, and the indications and techniques for plasma transfusions 

Subsequent chapters take up wound excisions, gas gangrene, control of mfections blast injuries 
at sea and on land, and the treatment of bums The chapter on wounds and bums of the hand and 
foot IS excellent, and deals with the anatomical as well as the surgical aspects Wounds of the x'anous 
regions are considered in order, and the basic plastic procedures are described The illustrations are 
excellent 

This IS an unusual book and of great value 


The Osseous System A Handbook of Eoentgen Diagnosis I^incent W Archer, M D Chicago, The 
Year Book Publishers, Inc , 1945. S5A0 

Archer has prepared a concise handbook on the roentgenographic diagnosis of the osseous sy'stem, 
which he dedicates to the occasional roentgenologist. It contains an excellent choice of reproduced 
roentgenograms, representative of bone abnormalities, \ aiying from congenital anomalies and fractures 
to bone tumors and metabolic disorders The contents are so arranged as to afford quick reference 

Two points are stressed throughout First, commonplace errors m the mterpretation of shadows 
are demonstrated so that these pitfalls can be avoided , and, second, the differential diagnoses are given 
consideration so that alternate possibilities will not be overlooked This handbook will give assurance 
to the interpretations of the occasional roentgenologist, and at the same time clearly indicate the zone 
in which more expert opinion is necessary. It is better suited to a place beside the viewmg box in the 
office or hospital than in the index files of a large library 

The Extremities Daniel P. Quinng, PhD , Beatrice A Boyle, Ema L Borou=h, M V , and Bemardine 
Lufkin, AiB. Philadelphia, Lea & Febiger, 1945 S2 75 

Although entitled “The Extremities”, this small book is deioted entirely to a delineation of the 

muscles of the upper and lower extremities, — their ongin=, in=ertions, actions, blood supplv, and nerve 
supply. 

fimt glance the drawings seem “flat”, but careful examination shows that they hai e accomplished 
oir purpose m showing clearly and accurately the mdiiidual mu-cles depicted 

A page IS devoted to each muscle The diagrammatic sketch of the muscle is shown, followed by 
concise statements as to ongin, insertion, and function of the mu=cle, as well as the nen-e and artery 

^ uch supply it Included also are references to Grav’s Anatomy and to Cunningham’s Text-Book of 
Anatomy. 

Since all the drawings are based on original dis-ections, the little book represent- a tremendous 
amount of work It will be a x'aluable handbook for medical students and phynotherapi-ts, as well as a 
reference book for physicians 
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Physical Ciikmistiiv or Culls and Tissues. Ilutlolf Ilobcr (witli (ho ooIlalionUion of David I. Hitch- 
cock, J. B. Bni email, David R. Goddard, and AVallacc 0. Fenn). Pliiladciphia and Toronto, The 
Blakiston Conijiany, 1915. S9.00, 

Ihc siilijcct inal.tcr of thi.s boolc is pliy.siologj’ as a branch of jiliy-sioclicniical .science, dealing with 
life as a phy.sical, all hough o.vccodingly complex, .system that may bo subjected to scientific analysis, ae 
any natural object. 

The book is divided into .sections, beginning with the fundamentals of cla.s.sical physical chemistry 
and coll ph.vsiology. The i)crmoabilit 3 ’ of the ceil membrane to organic non-clcctroljdcs and to electro- 
l.vtcs, to weak bases and weak acids, and to d.vosluffs, is considcreel. The present status of our knowl- 
edge of (ho plasma mombrano is discu.s.sed and reviewed. The influence of some extracellular factors 
on cellular activity is con.sidcrcd. An attempt is made to pro.sent (ho general pattern of cellular 
respiration. Pln'sical chomistrv furnishes (he theoretical basis for understanding the apparent com- 
plexity of cell respiration, and for suppb’ing tools to probe within (he living coll and to separate and 
study the individual enzymes. One .section is devoted to the study of contractile ti.s.sues. The last, and 
a very important section, deals with intestinal ali-sorjition, urine formation, elaboration of digestive 
juices, and the permcabilit.v of the bod.v surface of animals and plants. 

This book docs not claim to offer univer.'-'a! information in the field of the phj'sical chemistry of 
cells and tissues, but it is of great value as a guide to the biologist, the chemist, the physicist, the 
ph 3 'siologisl, and the ph 3 'sician by bringing together, in concrete form, the fundamental laws of science 
upon which human ph 3 ’siolog 3 ’’ is built. With its diagrams, formulae, and fundamental laws, it will meet 
a real need as a reference book. 

Fractures and Orthopaedic Surgery for Nurses and Masseuses. Arthur Naylor, Ch.M., M.B., M.Sc. 
F.R.C.S.(Eng.), F.R.C.S.(Edin.). Foreword by Ernest Finch, M.D., M.S.’(Lond.), F.R.C.S.(Eng.) 
Baltimore, The Williams and Wilkins Compan 3 ’-, 1945. S5.00. 

This book, as stated in the preface, was written for the purpose of showing the nurse how the prin- 
ciples of general surger 3 " are applied in orthopaedic surgeiy; it is ai)parentl 3 ' designed to help nurses 
and masseuses understand and follow the principles of orthopaedic surgei^L It is an interesting book, 
Vv,ll written and illustrated, and contains some verr' clever diagrams. The descriptions are good. As its 
"tie suggests, it covers fractures and general orthopaedic subjects. No detailed surgical technique is 
•’escribed and there is no bibliograply, although the procedures of other surgeons are occasionalb' men- 
tioned in the text. 

Although it is an excellent book for nurses in terms of oi'thopaedic surgei^' and fractures, it gives 
no nursing technique. For medical students, it would supplement the larger orthopaedic texts. It is, of 
course, written from a British point of view, so some of the procedures ma 3 ' not be quite familiar to 
the American reader. Most of the apparatus depicted is good, but Na 3 dor still advocates certain forms 
of apparatus, such as the old Thomas hip splint and hip frame, which are no longer in general use in 
the United States. The principles of treatment are sound, and there is an excellent index. 

Acute Injuries of the Head. Their Diagnosis, Treatment, Complications and Sequels. G. F. Row- 
botham, B.Sc., F.R.C.S. Foreword by Norman M. Dott, M.B., Ch.B., F.R.C.S. Ed. 2. Baltimore, 
The Williams and Wilkins Company, 1945. $8.50. 

The appearance of a second, enlarged edition of Rowbotham’s book, the only modern British 
treatise on head injuries, was to be expected in view of the special circumstances which prescribed its 
original content. 

The first edition of 277 pages appeared in 1942. It was prepared to meet a critical need, arising out 
of the exigencies of the British national emergency. Global war had placed the responsibilit 3 ’^ of manag- 
ing acute head injuries in the hands of many who were ivithout special training in neurosurgeiy. There 
was no authoritative British treatise to which they could turn for guidance until Rowbotham’s mono- 
graph appeared. It was, quite understandably, concerned with war injuries to the exclusion of certain 
peacetime problems. Revision with enlargement of scope was necessary, if the book was to become a 
standard work on its subject, as predicted by British reviewers. 

The author’s qualifications for an undertaking of this nature are ample. He is the senior pupil of 
Professor Jefferson, the dean of British neurosurgeons, who has long been preoccupied with the prob- 
lems arising out of head injuries. The author has so ordered his affairs that his own clinical experience 
in this field is now considerable. He is, in addition, a student and investigator of his subject, with .a 
faculty for clear exposition. 

The second edition of this book, replete with superb original illustrations, attempts to compress ^ 
within 414 pages an account of the mechanisms, patholog 3 q diagnosis, treatment (operative and non- : 
operative), sequelae, and rehabilitation of practically every known type of head injury. 

Although the book is an admirable piece of work, it would have profited by the author’s calling 
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more freely upon the experience of others in places where his own experience appears to be slight. 
Thus, in the discussion of the subdural hematomata of infanc3', no mention is made of the diagnostic 
and therapeutic usefulness of subdural taps. Equalh’ important omissions occur in the presentation of 
carotid-cavernous sinus fistulao. .-\t thc.se and a few other points, deficiencies are not covered bj’ ap- 
propriate references. 

Parts of the book siiffer from an avoidable lack of perspective. Thus in a twentj'-four-page 
account of epilepsj', medical treatment is afforded a single paragraph, in which the clinical toxicolog5’^ 
of the anticonmilsive agents and measures for the control of status receive no mention. Similarlj% the 
subject of chemotherapj' and of antibiotic therapj’’ is alloted but two pages, wherein space is found for 
historical data on penicillin but not for the clinically important matters of intrathecal administration 
and the choice of agents for direct application to cerebral tissue. 

Because of the author’s attempt to cover so much ground in so few pages, the book cannot be 
recommended in its entiretj' to anj’ one audience. The rather large sections devoted to operative 
technique nill be helpful to neurosurgical house officers, but lost on practitioners, and incomplete for 
specialists. On the other hand, the chapters dealing with mechanisms, pathologj', and rehabilitation 
recommend themselves highl3' to student, house officer, practitioner, and specialist. The book certainl3’' 
belongs in the libraries of medical schools and hospitals. 

Physical Tre.atment by MoraMENT, Manipulation and Massage. James B. Mennell, M.A., 1\I.D., 

B.C.fCantab.). Ed. 5. Philadelphia, The Blakiston Compan3’, 1945. S7.00. 

This book maintains a unique position among texts on ph3'sical therapy as a ver3' personal book. 
The signal skill and understanding of the author, acquired from years of experience in treating patients 
with ph3’sical methods, are divulged in detail. Unlike man3- American textbooks, which consist largely 
of a compilation of the literature on the subject, in this book one finds but brief reference to the 
wntings of others. Nowhere else, in fact, can one find the information contained in this xmlume. The 
technique of massage, manipulation, and exercise is described in explicit detail, often with considerable 
repetition when essentiall3’ the same methods are used for different disease conditions. The ph3"siological 
effects and the rationale of treatment are based largeb’ on a priori reasoning, from apparent good 
results. This is unavoidable to a large extent, because of lack of scientific research in the field. One 
feels the considerable enthusiasm of the writer in ascribing value to the methods described, but at the 
same time warnings of possible lack of usefulness and even contra-indications to treatment are included. 

As is to be expected, the discussion largeb’ centers on those orthopaedic conditions for which mas- 
sap and exercise are outstandingly advisable. Heat, electricit3% and other physical agents are only 
briefly mentioned. 

More detail of technique of physical methods is included than will interest the average ortho- 
paedic surgeon or physician. On the other hand, to properly prescribe and instruct the ph3'sical therapist 
m the care of patients, considerable knowledge of this subject is essential. The surgeon who will take 
the time to read this book and to learn the possibilities of physical treatment will acquire practical 
information, which should lead to more intelligent use of physical therap3% and better results from it. 
This book is practically essential for student physical therapists in England, and is worthy of study 
by all. 

A Textbook of Surgery. By American authors. Edited b3' Frederick Christopher, BjS., M.D., F..4..CS. 

Ed. 4. Philadelphia and London, B’. B. Saunders Compan3', 1945. SIO. 

The roster of contributors to this volume includes man3' surgeons who are recognized as authori- 
ties in special phases of surgei^’. An unusual number of changes in this list haA’e been necessan- since 
the previous edition. The constant improvement in techniques and methods means that such a book 
must have frequent revisions, if it is to be kept up to date. Since the premous issue, so man3- develop- 
ments have come in this field that whole new chapters were necessar3- in this edition, as, for example, 
the chapter on chemotherap3’ in surgical infections. 

Excellent illustrations, adapted from man3' sources, help in the understanding of the text. 

Since 1936, when this work first appeared, it has been recognized as a valuable reference book. 

IS fourth edition makes more secure its position a.s a text of unusual merit. 

Fr.actures of the Jaws. Robert H. Iat, hIJJ-, D.DS.. FA.CB.. and Lawrence Curtis, .-\.B., M.D., 

^•E5., F.A.CS. Ed. 3. Philadelphia, Lea and Febiger. 1945. .9450. 

The third edition of Iat and Curtis's book contains some additional material not included in the 
ormer editions. Stout’s loop method of intermaxillaiy AA-iring has been added. A description is giA’cn 
o Risdon’s method of constructing an arch bar AA’ith wires attached to tAvo posterior teeth. IVhen 

■sated to the teeth it giA'es a a'cca’ firm fixation, with a close approximation to the form of the dental 
arch. 
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Skolclal fixalion is described, and is recommended for fractures of the mandible in order to control 
fragments in wliicli (cetli are absent or do not afford adequate attacliment for intra-oral appliances. 
For maxillary fractures, Adam’s method of fixation by internal wiring has been included, in addition to 
the con^’entional procedure.? formerly de.scribcd. 

Condylar fractures arc given only the mo.st curi^oiy consideration; fracture-dislocations are not 
mentioned at all. Both tyiics of fracture arc relatively common, and arc bc.sl diagnosed with the aid 
of roentgenograms taken in an anteroposterior direction. This method is u.scd routinely in most hos- 
pitals today, but is not dc.scribcd in the chapter dealing with roentgenographic technique, written bj 
Ennis. 

The metliods advocated by the authors may bo employed without the u.se of highly technica 
dental laboratory in'occdurcs ; such procedures often consume con.siderable time and include the taking 
of imiiressions and the fitting of wax models, which may be very uncomfortable or even painful. 

Facial and Body PitosTim.sis. Carl Dame Clarke, Ph.D. St. Louis, The C. V. Mosbv Company 1945. 

S5.00. 

This is virtually a handbook of materials and methods u.scd in the making of prostheses. The 
author obviously is familiar with the historical background, and has kept himself abreast of the modem 
developments in this field. His .apjiroach in this volume is more from the standpoint of a technician 
and artist than from that of .a clinician, although for the most part In's statements arc medically sound. 

Materials and techniques arc discussed in some detail, with the exception of tho.se which have been 
full}’’ described before; these he refers to in an c.vcellent bibliography. He de.scribes in greatest detail 
the use of latex; but the passages on the u.se of wax, plaster-of-Paris, and agar compositions are ade- 
quate. The discussion on the coloring and the application of prostheses is quite good. 

The chapter on the use of resilient and elastic resins is loo brief, and the small place devoted to 
'>’'d prosthetic devices is hardly justified. The chapter on the repair of cranial defects by cast chip-bone 
■ ‘'ts is probably out of place in this volume, for it applies to a veiy limited field, which has more 
to do with the grafting of living substances than with the subject of prosthetics. One case is shown 
where a prosthetic nose and upper lip is used; this procedure is usually unwise, for the upper lip never 
looks completely normal. However, as a temporary e.xpedient before plastic surgery is finished, such 
a device may be justified. 

In spite of these relatively minor objections, tliis book may be recommended higlily because of the 
clarity with which it is written, because of the e.\cellent discussion of materials and methods, and be- 
cause of its lack of superfluous words. It certainly should be most useful to reconstructive surgeons, 
medical artists, and dentists. 


A Textbook of Surgerv. John Homans, M.D. Ed. 6. Springfield, Illinois, Charles C. Thomas, 1945. 

S8.00. 

The new edition of Homans’s Surgery is a textbook of even greater value than the previous edition. 
-It reflects the lessons of the war years, when special surgical problems have confirmed the value of many 
procedures and shown others to be futile. The frequent recognition of conditions, previously considered 
rare, has emphasized the necessity of understanding these entities. The occurrence among Army 
.personnel of certain fractures and other injuries, seldom seen in civilian life, has provided an oppor- 
tunity for evaluation of the various methods of treatment. 

In this edition, as in each previous revision, the aim of the author has been to discard the out- 
worn material and to include the accepted newer methods of diagnosis and treatment. This constant 
effort to keep the volume up to date explains, in part, the place which the book holds as a text for 
the student and a reference of value to the surgeon. The carefully prepared illustrations, as well as 
'the bibliographic index, add greatly to the usefulness of the book. 


OSTEOTOMAIS EM GERAL, SUA FREQUBNCIA E SUA IMPORTANCIA EM ORTOPEDIA (Osteotom}" in General, ItS 
Frequency and Its Importance in Orthopaedics). Dagmar Aderaldo Chaves. Rio de Janeiro, A 
Casa do Livro Ltda., 1943. 


Chaves traces the history of osteotomies since 1815, and reviews the various indications for oste- 
otomy He divides osteotomies into subcutaneous and fully open, and classifies the open osteotomies 
as linear complex, cuneiform, and curvilinear. The techniques of special osteotomies, such as derota- 
tion and shortening or lengthening of a limb, are discussed. The book is well illustrated with me 
drawings The case histories of nine patients who had recently undergone osteotomies are reported. 
Although nothing new is brought forward, the book contains a wealth of information about this special 

surgical procedure. 
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PusTER OF Paris TicnMQur, iv The Trfatmen't op Fractures A^D Other Injuries T B Quigley, 
Lieutemnl Colonel, M C Ngaa York, The Macmillan Company, 1945 S3^0 

The author has taken a subject which oidinarih has been taught bi the apprentice method, and 
lias put the teaching into lAords This book points out the fundamentals indications, and dangers m 
the use of plaster for the fixation of extremities and trunk injuries In the matter of detailed techniques. 
It IS dogmatic to the exclusion of alternate methods As a reference book in the technique of plaster 
application, it is tertainh a thoiough, single set of rules, lAliich should gne to the surgeon who becomes 
familiar with it more confidence and quicker agility in mastering the art 


The Medical Annual A Yfar Book of Treatment axd Practitioner’s Index. Editors Sir Henry 
Tidy, K B E , M A , M D , FRCP, and A Rendle Short, M D , BE , B Sc , F R C S Bristol, 
England, John Wright and Sons, Limited, 1945 

The Medical Annual for 1945 is the sixty-third consecutive Amlume to be published in England It 
IS a } earbook of treatment and the practitioner’s index The many and imried conditions are presented 
* bj contributors Avho are recognized British authorities, each in his owm field Conditions in which new 
adiances haxe been made during the year are especially discussed The subject matter is amply illus- 
trated bj’ fortj-seien plates and many drawings 

This Aolume, like its predecessors, will prove of \alue as a qmck and handj^ reference book for the 
general practitioner, not only in the British Isles, but in America as well Here the latest information 
on medicine and surgerj’ are ai'ailable in concise form Considering the serere wartime restrictions 
which must hare been encountered, the publishers of the Medical Annual for 1945 are to be congratu- 
lated upon jiroducing a xolume equal to the standaid of Annuals of preruous jears 

Structure and Function of the Human Body Ralph N Baillif, PhD , and Donald L Kimmel, PhD 
Philadelphia, J B Lippmcott Company, 1945 S3 00 

One of the authors is Assistant Professor of Anatomy at the Lomsiana State Unn ersity School of 
Medicine and the other, Associate Professor of Anatomy at Temple University School of Medicine 
They hare prepared this book to meet what they feel is a real need in this branch of teaching — a simple 
text for an introductory course in anatomy and physiologj'' 

The Introductory Sun-ej which they call “Unit One’’ surveys the fields to be considered, — Proto- 
plasm and Cells, Phj’’sical Organization in the Animal Body, and Organ Systems of the Body This 
Unit comprises nearly a third of the book, and is intended as a background for the student to help 
i- him in understanding the physical building matenals and the correlation of their structure and func- 
tions, as well as the individual organ sj stems and the relation of each to the bodj as a functioning 
mechanism 

The other three Units take up the eight organ sj'stems 

Unit Two Skeletal, Muscular, and Circulatory Systems, 

Unit Three Digestu e and Respiratoiy Systems , 

Unit Four Urogenital, Endocrine, and Herious Systems 
A Glossary and a good Index add to the value of the book 

Undoubtedly the book is well adapted for the group for whom it was wntten It is not for the 
adianced medical student, it is not for the physician or surgeon, but will be xaluable for his secretaiy. 
It IS an interesting book for the perusal of the lay person who wishes to understand better the structure 
and function of the human body 




A triplice artrodese na ESTABiLizAgSo DO PE PAR.AUTICO (Triple Arthrodesis in the Stabilization of the 
Paralj tic Foot) Dagmar Aderaldo Chaims Rio de Janeiro \ Ca=a do Liiro Ltda 1943 

Cha\es reviews the normal and pathological anatomy of the posterior tarsal and ankle joints, the 
muscular control, and the usual deformities with paralj ses The \ anous tj pes of stabilization of the 
loot and ankle joint are illustrated and described Six cases of arthrodesis, performed at the Hospital 
Jesus, are renewed No new opinions are brought forward nor new procedures dc'cnbed A full renew 
of the literature is gi\ en 


Resultatf der osteost n thesis collis femoris am Sa Johansson (Remits of O'teo'j-ntheT- of the 
Neck of the Femur by the Method of S\en Johansson) Ame Birch-Jensen .Icta Chinirgica Scan- 
dinavica, 87 432, 1942 

Out of sixtj'-three cases of fracture of the neck of the femur treated bi clo-ed reduction and nailing 
lAitli S\en Johansson’s modification of the Smith-Petersen nail, fortj -eight were still alne for an end- 
Jesult, studx Forlj-three wore permnallj examined b\ the wntcr Roentgenograms are submitted of 
le technical failures in eight cases A statistical anah-is is offered, wath comparatue anah-e- from 
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the Jiternltirc. Tiioro wns an immediate mortality of 4.8 per cent. Tlie complication of necrosis of the 
femoral head occurred in ten ca.se.s; in .seven, it appeared more than twelve montli.s after the operation. 
There wa.s definite bony lioalinp; in 5'1 per cent., p.seiidartliro.si.s and necro.si.s of the femoral head in 
7.9 per cent.. necro.sis of the femoral head in 4.8 per cent., necrosis of the femoral head and osteo- 
arthritis in 3.2 jiei’ cent., and ostoo-arthritis in 4.8 per cent. In 25.4 per cent, of cases there was no roent- 
genographic examination later than twelve month.s after the osteo.synthe.sis. The functional results 
were good in 44 per cent., fairl 3 ' good in 12.7 per cent,, and poor in 27 i)er cent. In 15.9 jier cent, the 
period of observation wa.s less than twelve months.— Il’o/tcr P. Blount, Itf.D., Mihvaukce, Wisconsin. 

AnTiiKODEsis IN 0.sti;o-Authhitis ok tiii; Ilir and Siu’Tic Coxitis Sequecae. Anders Karlen. Acta 

Chinirgica Scandinmnea, 89: 309, 1943. 

In fort 3 ’'-seven ca.^es of degenerative arthro.sis and tweh'e cases of ancient septic arthritis of the 
hip, the end results following ai'lhrodesing opcr.'itions wore studiofi. Various forms of arthrodesis wen 
used. In the cases of degenerative arthrosis, there wore only thirtj’-six with bonj" union, four with 
fibrous ankjdosis, and six with no con.solidation. Of the.«o, the three ca.sos with simple nailing all re- 
sulted in bonj-- union. The combined juxta-intra-articular arthrodeses gave fifteen bony ankyloses, one 
fibrous ankjdosis, and two comiiloto failures. The partial inti'a-aiiicular and juxta-articular arthrode.^ee 
gave twelve bonj’ ankjdoses, two fibrous ankyloses, anel one complete failure. The intra-articular ar- 
throdeses resulted in five bonj' ankjdoses, one fibrous ankjdosis, one failure, and one postoperative death 
The juxta-articular arthi-odcses in three c.a.«cs gave one bonj' ankjdosis and two failures. 

Functionallj' the results were good in fortj'-five of the fortj'-six lii'ing patients. In one, a second 
operation prevented return to work. In two cases, the results were considered functionallj' good, al- 
though the patient failed to return to work for other than phj'sical reasons. 

In the twelve cases of ancient septic arthritis, bonj' fusion was obtained in ten patients. In one, 
there was failure of consolidation. There was one death. The eleven living patients all resumed their 
work . — Walter P. Blount, M.D., Mihvaukce, Wisconsin. 


Fractures of the Head and Neck of the Radius. Erik Feltstrom. Acta Chinirgica Scandinavica, 92: 

349, 1945. 

An end-result study in ninety-nine cases of fracture of the radial head and neck includes eighty- 
nine treated conservatively and ten upon which an operation was performed. The results were good, 
except in five of the cases treated conservativclj'. One was a nine-j'ear-old boj' with an unreduced 
displacement of the radial head and limitation of elbow motion. The other four cases were in adults 
who should have had operative treatment. 

On the basis of the end-result study, the writer suggests the following treatment: 

1. Non-dislocated fractures should be treated conservativclj'. 

2. Large, dislocated fragments should bo excised. 

3. In comminuted fractures, the head should be resected. 

4. Dislocated fractures of the neck sliould be reduced, if necessary bj' open operation. If this fails, 
in adults resection sliould be performed. 

5. In children, displaced fractures of the neck of the radius should be reduced bj' closed or by open 
methods. Unreduced displacement of the head causes considerable limitation of function. Resection 
should never be performed because of the resulting growth disturbance. 

6. Immobilization should be for as short a period as possible. Active motion should be started 
within from two to four weeks. Massage is not indicated. The application of heat is of benefit. 

— Walter P. Blount, M.D., Mihvaukce, Wisconsin. 


Deeply Situated Multiple Glomus Tumors. Ragnar Fiykholm. Acta Chinirgica Scandinavica, 92: 

368, 1945. 

A case is reported in which a glomus tumor, the size of a hazel nut, was removed from the fascial 
space between the interosseous membrane and the muscles of the calf, 10 centimeters proximal to the 
ankle joint This was a case in which Bergstrand had previously reported the presence of multiple 
glomus tumors. According to the writer, there were only three previous reports in the literature of 
deep-seated glomus tumors, the remainder being superficial. He cites nine references to reports ot 
superficial multiple glomus tumors.-Walter P. Blount, M.D., Mihvaukee, Wtsconstn. 


AbN<,»M.L.TV OB MB &BCBNBBS AS A CaUSB OF Pa»F<.L HbBL ItS •D.AOF.OS.S ABO OpBO.T.VB TbBAT- 

ment. a Fowler and J. F. Philip. The British Journal of Surgery, 32: 494-498, 1945. 

The writers have noted that in a certain group of patients with painful heel, a definite bursa exter- 
nal to the tendo acliillis can be excised with complete relief. In another group with the same symptoms 
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no definite bursa could bo found, but the skin and subcutaneous tissues showed chronic inflammation. 
These patients were not benefited by operation. However, roentgenographic studies showed that these 
patients had an abnormality in the bone consisting of a smooth, regular, prow-like projection immedi- 
ately beneath the tendon at the point of disability. 

This finding led to an investigation into the variations of the os calcis. Interesting illustrations of 
these variations are shown. 

An operation has been devised to remove this excess bone. A curved incision is employed and a 
flap dissected downward. The tendon is cut through by an inverted “Y” incision and the projecting 
bone is smoothed off. The tendo achillis is sutured and the wound is closed. The foot is put up in 
plaster in plantar flexion for three weeks. Disability ends in six weeks. The operative results are said 
to be good . — Ernest M. Daland, M.D., Boslott, ^fassachllsells. 


Del.\ted Paiuplecia Following Fractuhes of the Vertebrae. Lambert Rogers. The British Journal of 

Surgery, 32: 514-517, 1945. 

Paraplegia complicating a vertebral fracture is usually produced at once by the nipping of the 
cord between two vertebrae. Rarely, the onset of paraplegia is delayed, so that there is an interv'al 
between the time of injurj’ and its appearance. During this interval conduction in the cord is unim- 
paired, its functions are normallj' discharged, and it would appear to have escaped damage. SjTnptoms 
of a spinal-cord lesion then appear; the numbness and paralysis may be either transient or lasting. 

The article includes detailed reports of four illustrative cases. In all four paraplegia occurred 
after an inten-al in which there were no cord symptoms. In two cases the paraplegia lasted only a few 
days. In the others it was persistent, and operation was required to reUeve it. 

The paraplegia was due to bony compression of the cord, which probabb' was the result of move- 
ment of the bony fragments subsequent to the initial fracture. 


4 


Intern.al Derangements of the Knee in Military Practice. Hewson I. J. Kellam. The Canadian 
Medical Association Journal, 53; 143-147, 1945, 


The author served with the Canadian Orthopaedic Unit in Great Britain. Of a very large number 
of soldiers with sj-mptoms referable to the knee, 400 cases are reiiewed, in which meniscectomy was 
performed by various surgeons of the Unit. He makes the following observations: 

Lesions of the medial meniscus are more frequent than those of the lateral meniscus. 

Tears in the peripheral part of the cartilage heal more readily than those in the inner two thirds or 
free border, because of the vascularity of the peripheral part. 

Recurrent attacks of internal derangement may occur after triidal injuries; many of them were 
received during skiing, football, or other athletic activities. 

Careful differential diagnosis is essential to rule out, as the cause of the disability, such conditions 
as arthritis, tabes dorsalis, Pellegrini-Stieda disease, fracture of the anterior spine of the tibia, and 
injuries to the cruciate ligaments. 

After a diagnosis of tom meniscus with recurrent replacement has been established, meniscectomy 
should not be too long delayed. The best time to operate is from twenty-five to twenty-six weeks after 
the first injury. 


The author prefers a small anteromedial incision of either the Jones or Fisher type. When neces- 
sarj', a second incision to remove the back of the cartilage is made over the posterior hom. In most 
cases the whole of the cartilage should be removed; when the tear is large and of the bucket-handle 
b pc, onb’ the tom portion should be removed. 

Quadriceps-setting exercises are started before operation and are resumed forty-eight hours after 
operation. In 250 cases the knee was immobilized in extension for three weeks ; in 150, no splint was 
used and movement within the compression bandage was allowed. There seemed to be no difference in 
the results from the two methods. 

Of the group of 400, 73 per cent, of those rated as A-1 upon admission to the hospital were still in 
IS categoiy six months to one year after discharge from the hospital. 


The Use of Plastics in Plaster Casts. Arthur M. Vineberg, F. G. Rice, and E. C. Brown. The Ca- 
nadian Medical Association Journal, 53; 170-171, 1945. 

The authors have done considerable research on materials which would be suitable for ca.=ts, and 
> ct not have the disadvantages of plaster-of-Paris. As a result of their experiments, they recommend 
a mixture of water-soluble plastics and plaster-of-Paris. Casts made from this mixture have been found 
to be 50 per cent, stronger and 10 per cent, lighter than those made from ordinary pl.vtor. The results 
o the use of plastics in plaster casts are promising. 
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Lu’ocoNDiiODisiioi'iA (]>i])oclionclro(lysl,rophy) . h. Exjio.sito y A. do Foroa. Ciruf/ki Orlopcdica y Trau- 

mnlalog'ia, 12: 51, 1015. 

The ease histories of two ])iitients suffering from lipocliondrodyslropiiy are presented. A brother 
of ten and a sister of eight were In-ouglit to the Children’s Clinic of tlie Mercedes Hospital, Havana, 
because of almorinality in walking. Both children showed dcforinitics of the hands with fixed flexion 
of the fingers, a mild kyphos, genu varum, corneal ojjacity, and slight enlargement of the cranium. 
Laboratory studios re\-caled nothing .significant, llocntgcnograms showed osseous deformity, a flattening 
of the anterior i)art of tlie vertebral bodic.s, aiul flattening of the articular surfacc.s. No other member 
of the family showed evidence of the disen.so. The outcome in these two patienLs i.s not given. 

Tlie disease is rare, familial, and probably congenital. Lipoid substances arc usually found ii 
various tissues, particularly in the cerebrum. Theories of etiology are reviewed, and the pertinen 
literature is cited. Seven autopsies arc recorded in the literature. The findings are somewhat similar t( 
those of Niemann-Pick disease. Foam cells are often lacking and lipids may be deposited in granulai 
form. The epiphyses show a small amount and an irregular arrangement of proliferating cartilage 
Shortness of stature is the rule.— ./o/i7i G. Kvlnis, M.D., Boston, M assachuscUs. 

Spinal C.mues Simul.\tino PsEunoiiypnaTnopinc Mtr.sriu,.ui Dv.sTitoriiv. Ik N. Laha. Journal oj llu 

Indian Medical Association, 14: 227-22S, 1915. 

Laha reports an unusual case of spinal caries of the eleventh and twelfth thoracic vertebrae, which 
so closely simulated pseudohypertrophic mu.«cular dystiophy that at first the latter diagnosis was made 
The simulation was evidently due to compros.sion paraplegia, in which the muscular weakno.^s was such 
as to mimic muscular dj-’sHophy. The correct diagnosis was established by roentgenogram. The author 
does not state whether there was any localized tenderness or rigidity in the region of the lower thoracic 
spine . — Robert M. Green, M.D., Boston, Massaclnisetts. 

Nbvhosvrgical Aspects of Lumbar and Sciatic Pais. Edgar F. Fincher. Journal oj Medical Associa- 
tion o] Georgia, 34: 149-154, 1945. 

Fincher deals chiefly with cartilage damage, spinal cord tumors, and neuroses. A careful chrono- 
logical history is of first importance. All cartilage niptures are due to trauma, even if the frank dis- 
placement was precipitated by violent sneezing. One may get a historj' of trauma in tumors of the 
spinal cord, but this is mereb’’ coincidental. The patients with compensation neuroses all give a historj' 
of trauma. 

The character of the back pain in patients with cartilage damage is important. The pain is exag- 
gerated on motion and intensified by coughing or sneezing, and is alleviated by complete rest. In intra- 
dural tumors the onset of pain is insidious and slow in development; it is primarily radiating, and back 
pain may be absent. The pain is consistently exaggerated by rest. Patients get out of bed and walk 
for relief. In the psychological cases the patient strives to impress the doctor with the intensity of his 
suffering. The back pain is diffuse in location; the extremitj’^ pain is likeb'’ to involve the entire limb, 
and does not follow a nerve distribution. It is alwaj's exaggerated by work and not helped by rest. 

Pain due to other causes is discussed. Important signs in cartilage cases are a flattening of the 
lumbar curve, and a sciatic list away from the painful extremity. There is muscle splinting on the pain- 
ful side. The pelvis may tilt, and patients often limp. Calf atrophy can often be determined by meas- 
uring. In cord tumors, nothing is noted on inspection in most cases. In compensation cases bizarre 
positions may be assumed. 

The differential diagnosis is discussed. Roentgenograms are necessary ; stereoscopic anteroposterior 
films and lateral films are made. In disc cases the films show (1) straightening of the lumbar curve, 
(2) narrowing of the intervertebral space, and (3) “sciatic list”. Opaque injections to visualize the 
spinal canal are not necessary in cartilage cases, but are of value in tumor cases. The 3 '^ are severely con- 
demned in psychological cases, and surgery is to be avoided in these cases. 

There is much good common sense in this article, and many practical points in differential diag- 
nosis.— Fred G. Hodgson, M.D:, Atlanta, Georgia. 

Sciatic Pain; Its Relation to Pain in the Back and Spinal Deformity. E. N. Wardle. The Medical 

Press and Circular, 1: 197-201, 1945. 

The author states that, of 120 consecutive cases in which the patient complained of pain in the 
leg eighty-one were found to have neuralgia onijq and thirty-nine, a true neuritis. Many patients with 
true sciatic neuralgia will admit having had attacks of intermittent back pain. Examination reveals ri- 
gidity of the lumbar spine, and painful limitation of movement in all directions. Twenty-nine cases of 
this type of osteo-arthritis were treated by simple immobilization of the spine in a plaster jacket for ap- 
proximately four weeks. There was one failure. 


the journal of bone and joint surgery 



CURREXT LITERATURE 


207 


Eighty cases of sciatic scoliosis, which was characterized by severe pain, list of the whole body to 
one side, strong spasm of one erector spina, and wasting of the whole quadriceps muscle, were treated 
by the application of a head-suspension plaster jacket. There were eleven failures. In some cases, lam- 
inectomy and removal of a herniated disc were indicated, and sLx operations were done. Four patients 
returned To work, one had good recovery after removal of a meningioma, and one died. 

Treatment of thirtj’-seven cases of sciatic pain associated with congenital lumbar abnormalities 
was successful in twenty cases, unsuccessful in seventeen. Fifteen cases of injur 3 ' to the erector spinae 
and lumbar aponeurosis were helped bj' injection of two or three cubic centimeters of a 1 per cent, novo- 
caine solution into the painful area, and bj' manipulation. 

Yaws. C. F. Chenoy. The Medical Press and Circular, 1: 60-62. 1945. 

The author has made extensive studies of yaws among jungle tribes in India. It occurs in infants, 
babies, children, and in young and old men and women. The cause of infection has been proved to be 
direct contact with primarj- or secondary ulcers by the broken skin. Laboratorj- findings among all in- 
sect vectors examined bj’ the author were negative. He demonstrated the Spirochaeia pertenue in al- 
^ most 100 per cent, of intact yaws lesions, in 40 per cent, of ulcerated lesions, but rarely in old lesions. 
Kahn’s test was positive in all cases. 

Three stages of the disease are described. In the primarj- stage, a single raised granular sore ap- 
pears, after an incubation period of from two to three weeks. This lesion maj- heal before the onset of 
the secondary stage, or it maj- persist, or it may break dorr-n to form a persisting ulcer with granulating 
base and raised edges. In the secondarj- stage, the tj-pical lesion is a desquamating rash over face, 
limbs, trunk, and buttocks. Joint pains and sj-nomtis of the knee and elbow joints are followed bj- 
swellings of the long bones, especiallj- the legs. The soles and palms maj- have fissures and cracks, and 
condylomata maj* appear. This stage can last for months or j-ears. In the tertiary* stage, the lesions are 
saber tibia, gummata, gangosa, secondary ulceration gi\-ing rise to deep sores with cicatricial contrac- 
tions, and infection of bones with crippling and disfigurement. The mortalitj* is small. Death is slow 
and is usuallj* due to starvation after j*ears of pain and disfigurement. 

Mass treatment in the field included salvarsan or its derivatives. In primarj* cases, one injection, 
m 153 cases, resulted in 136 complete clinical cures, seventeen partial cures; two injections in 101 cases 
brought ninety-nine complete cures, two partial; and three injections, in fortj’-eight cases, fortj*-eight 
complete cures. In secondary* cases, one injection, in 1793 cases, gave 1436 complete cures, 357 partial 
cures; two injections, in 1280 cases, resulted in 1152 complete cures, 128 partial; and three injections, in 
594 cases, 569 complete cures, and twenty-five partial cures. In tertiary* cases, one injection, in 3784 
i. cases, resulted in 2834 complete cures, 950 partial cures; two injections, in 2595 cases, brought 2205 
complete cures, 390 partial cures; and three injections, in 1012 cases, 912 complete cures, 100 partial 
cures. Relapses were seen on the way back through the -villages treated, — in 30 per cent, of patients re- 
ceiving one injection, in over 20 per cent, of patients who had had two injections, and in 10 to 15 per 
cent, in cases recei-ving three injections. 


MANDmunva Fractures at King County Hospital, Treated by Roger Anderson Skelet.al Fix.ation. 
J. Wajme Graham. Northwest Medicine, 44; 250-252, 1945. 

Twenty-six cases of mandibular fracture are reviewed. Approximately half were compound frac- 
tures, but in only three osteomyelitis developed. Two of these were cases of open reduction, and in the 
other case a tooth was allowed to remain in the line of fracture. Interdental wiring was done where 
feasible, but in edentulous cases the Roger Anderson skeletal-pin fi.xation was used. 

The anatomical structures must be carefully studied, and two pins inserted into each fragment, 
halfway between the lower mandibular border and the alveolar canal. The external maxillary* artery 
end the mental foramen are to be carefuUj* av*oided. Intranasal ether vapor is the best anaesthesia. — 

Charles Lyle Hawk, MD., Los Angeles, California. 

Sobre el TR.VTAMIENTO DE LAS FRACTURAS RECiENTES DEI. cuELLO DE FEMUR (Treatment of Recent Fiactures 
of the Femoral Neck). J. Troncoso Rozas. Remsta Espahola de Cinigia, Traumatologia y Orlo- 
Vedia, 2: 213, 1945. 

Rozas reviews the progress made in the treatment of fractures of the femoral neck since Sir Astley 
Cooper divided them into extracapsular and intracapsular fractures. The methods of treatment which 
>0 considers are: ( 1 ) simple supine rest in bed; (2) continuous traction; (3) immobilization in a large 
spica (Whitman-Lofberg) ; (4) early surgical intervention ; and (5) continuous extension followed by 
osteosynthesis at the opportune time. (The latter is the method of election.) Rest in bed, preferably 
^ vith the femur in abduction, is reserved for fractures in aged individuals with cardiorenal complica- 
'ons, particularly* intertrochanteric fractures. 
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Willi conlimioiis cxlcnsion, (hero is a toiulcncy for irritiiliou of (lie .skin to develop, and oxlcrnal 
rotation of llie femur is common. Tliis method is reserved as a i)ostoperat,ive mea.siirc. Traction with 
a Kirsclmcr wire is more cITcctivo tlian adlicsive plaster. 'J’hc spica of Whitman-Ldfborg gives good re- 
.suKs in about oO per cent, of patients under .sixty years of age. In regard to immediate operative treat- 
ment, ideal conditions are rarely iirc.sent, and the general condition of (he patient is most important. 
For these rea.sons there .should usually be a jicriod of preparation for the ostcosjmthesis. In prepara- 
tion, local anaesthetic at the site of the fracture, and .skeletal traction in 30 degrees of abduction, should 
be used until reduction is obtained. The author prefers this to (he method of Lcadbcttcr, and feels that 
all fractures of (ho femoral neck, both intracapsular and cxtracapsiilar, should be treated by osteosyn- 
thesis, with the exception of those few cases in which impaction or interlocking of the fragments pre- 
vents movement. In addition, (ho.se cases de.scribed by Pauwels and Bbhlcr, in which the plane of the 
fracture is greater than 25 degrees, may bo treated conservatively. Contra-indications to ostcosjmthesis 
are infancy, fascial hemorrhage, jihlcbitis, prc.«.surc sores, or local infections. 

Rozas gives the following end rc.sult.s; Of fifty-eight patients treated conservatively which he was 
able to follow, twenty showed consolidation with a good anatomical reduction, five showed a moderate 
coxa vara, twelve had fibrous union, ten had iiseudarthrose.s, and eleven died during treatment. Seven- 
teen patients between the ages of thirty-seven and eighty-two were treated by osteosynthesis and fol- 
lowed from one to ten years. Thirteen were treated by a triflanged nail with excellent results in ten, 
coxa vara in one, and jjsoudnrthroscs in two. Of two tre.atcd with cork screw, one obtained a perfect 
result and one had coxa vara. One patient was treated with Moore pins with a perfect rcsidt. (The au- 
thor docs not mention the treatment in the remaining patient treated .surgically.) 

The author feels that if the fracture is well reduced, the fixation material is non-oxidiziible and non- 
electrolytic, and the osteosynthesis is well performed with good impaction, the results will be uniformly 
good . — John G. Krilnis, M.D., Boston, Mnssachusclls. 

Dificui.taoes i:n i:n Diaonostico rai:coz nr: i.a Tonnacunosis OsTKOAnTicuLAit (Difficulties in the Early 
Diagnosis of Osteoarticular Tuberculosis). Sara Satanowsky. La Bcvisla de Mcdicina y Ciencias 
Ajines, 7 : 445-450, 1915. 

The veiy early diagnosis of tuberculosis of the bones and joints is discussed in detail in this good 
article. Early diagnosis is difficult and .sometimes impossible, as the signs and sj'mptoms are often in- 
distinguishable from those found in arthritis. The early diagnosis is most important, since failure to 
recognize and treat the disease may have dangerous sequelae; while treating an individual for tubercu- 
losis when he does not have it may cause permanent joint stiffness, as well as a social disturbance to 
the patient and his famil 3 ^ Johanson has stated that 61 per cent, of patients w’ith osseous tuberculosis 
have pulmonaiy involvement; Fetter’s figure is 85 per cent. Two forms of osteo-articular tuberculosis 
are found pathologicallj'', — the granular and the caseous. 

The rocntgenographic examination is of great value in late cases, but in verj" earl}’’ cases there are 
onlj’’ two suggestive findings: osteoporosis and an alienation (almost always a decrease) in the roent- 
genographic density of the joint itself. The tuberculin reaction is onty occasionally of help. A positive 
test is of no value, because most people have old pulmonary lesions; a negative test may be a false 
negative, although this is uncommon. A marked local flare-up of the involved joint is a very suggestive 
diagnostic sign. The sedimentation rate and blood count are of little or no value. Examination of the 
joint fluid is most helpful. The presence of tubercle bacilli is diagnostic, but they can seldom be found 
on direct smear. A positive guinea-pig inoculation is diagnostic. Intraperitoneal inoculation is time- 
consuming ; intraganglion inoculation is better, because a shorter time is required. The organisms can 
frequently be cultured from the joint fluid in a special medium of Holm (glycerine and egg) in from 
eleven to sixteen days. A biopsy of the involved joint is often diagnostic and is frequently indicated.— 

Major Louis IF. Breck, M.C., Camp Swijl, Texas. 

L'enclouage medullairb des fractures des os longs. Methode de Kuntscher (Kuntscher’s Method of 

Medullary Nailing of Fractures of Long Bones). G. Laurence. Revue d’Orthopedie et de Chirurgie 

de I’Appareil Moteur, 30: 32, 1944. 

Kuntscher reported in 1939 and also in 1940 on the technique and preliminary results of his medul- 
lary nailing of fractures. 

The advantages are as follows: 

1. Solid fixation of the fracture with early mobilization of the limb. 

2. Osteosynthesis with opening of the fracture site. 

3. Creation of biological and mechanical conditions most favorable for speedy formation of callus 
with a minimum of apparatus. 

To overcome the disadvantage of using voluminous metal for fi.xation, which acts as a foreign body, 
the rod was triflanged or biflanged, and was made of special steel called V2A. 

THE JOURNAL OF BONE AND JOINT SURGERV 



CURRENT LITERATURE 


209 


Experimentally, the nicthotl proved satisfactorj-. Many successful clinical results rvere reported. 

Rigid rods were used for the femur and the ulna ; flexible rods which could be made rigid, once in- 
' troduced into the bone, were used for other bones. The introduction of the rod could be done under 
roentgenographic control. 

For satisfacton- fixation, the distal fragment has been engaged for at least five centimeters. If closed 
.reduction is impossible, the fracture site has to be exposed. 

The patient is permitted out of bed in from eight daj-s to three weeks after the introduction of the 
rod. The rod may be removed after consolidation, in from twelve to eighteen months. 

The method may be used in any age group, for a variety of fractures, including pathological frac- 
tures, and also in pseudarthrosis. 

Apparently a number of complications were observed by surgeons, but the opposition, which was 
strong when the method was introduced, has subsided with subsequent reports. — Emanuel B. Kaplan, 
ME., New York, N. Y. 

fivOLUTION LONGUE ECHE.INCE DE l’oSTEOCHONDRITE DE L.A HANCHE. INFLUENCE DU TR.UTEMENT SUE L.A 
- QU.ALiTE DU RESULT.AT (Late Evolution of Osteochondritis of the Hip. Influence of Treatment on the 

Results). L. TaA’emier et J. Mallah. Revue d’Orlhopedie et de Chirurgie de I’Appareil Moteur, 

30: 65, 1944. 

The authors analyzed the late results in a group of twenty-fii'e patients, e.xamined from nine to 
twenty-fiA'e years after the onset of osteochondritis. The present article includes only a roentgenographic 
study of the deA'elopment of the affliction. 

Sei-eral cases were obsen-ed in the verj^ early stages. At the onset of pain in the hip, no changes 
were obserr-ed b 3 ' roentgenogram. Onli’ after ser-eral weeks was a widening of the epiphyseal plate ob- 
sen-ed. Subsequentlj' the tj’pical picture of osteochondritis appeared. 

The authors describe two tj’pes of deformity: The well-known mushroom tjqje starts with a widen- 
ing of the epiphs’seal plate, followed by reduction in size and condensation of the epiphyseal nucleus, 
and finally by a modification of the neck ; this was obsen-ed in eighteen patients. The angulated tj-pe, 
m which the head becomes triangular in shape, was seen onlj- five times, and differs so much from the 
mushroom type that it could be taken for a different entity, were it not for the intermediarj- roentgeno- 
grams. 

In two cases there was complete restitution of the femoral heads with early mushrooming. These 
patients were subjected to strict immobilization for one and two years, respectively. 

, Functionally, these two patients with complete restitution of the heads were normal. Of the eighteen 
patients with mushroomed heads, two had a perfect functional result. 

A second group of nine patients with good function was obsen-ed, seven of whom had a mushroom 
deformitj' and two an angular deformitj- of the head. These patients had no pain or limp, and onlj- 
slight limitation of motion. 

A third group of nine patients with only satisfactorj- results also included seven with the mushroom 
deformity and two with the angular deformitj-. 

Of the twenty-five patients, three were severelj- disabled. Two of them showed a mushroom deform- 
ity and one an angular deformity. The roentgenograms showed advanced arthritis. 

' The authors belieA-e that roentgenographic evidence of deformity is compatible with good function. 

In 50 per cent, of good results, only 8 per cent, showed complete roentgenographic restitution. 
Twelve per cent, had unsatisfactorj- function, with severe arthritis. The authors believe that prolonged 
- immobilization maj- produce anatomical and functional restitution, while abortix-e treatment leads to a 
severe deformity and arthritis in 12 per cent, of the patients.— Emanuel B. Kaplan, M.D., Neic York, N. F. 

Tr.AITEXIENT par LES INFILTR.ATIONS STXIPATHIQLTES DES TROUBLES REFLEXES POSTTR-AUMATIQUES, DITS PHA'SIO- 

pathiques (Treatment of the Posttraumatic Refle.x Disturbances ICnown as the Physiopathic Sj-n- 
y drome). G. Amulf. Revue d’Orlhopedie et de Chirurgie de I'Apparcil Moteur, 30: 161, 1944. 

The author describes a method of treatment of the troublesome posttraumatic disturbances obser\-ed 
, ter injuries to the extremities, characterized bj- atrophj-, vasomotor changes, oedema, changes in the 
Rppearance of the skin and nails, and osteoporosis. 

Citing the infiltration of the sj-mpathetic ganglia originated bj- other surgeons, the author recom- 
mends the following procedure: 

L The stellate or the lumbar ganglia must be infiltrated, according to the inx-olvement of the upper 
. or lower extremity. 

2. Large doses of novocaine (twenty cubic centimeters) must be u=ed for injections. 

,, > The infiltration must be repeated ten or fifteen times everj- three days in the beginning, and 
' once a week thereafter. 
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CtminONT MTHHA'I’l/'HIC 


<1. Itnmpdialoly iiflor tlio iiijcclioti, wlu'u vasotiilalutifiu is ol)taino(l, (Iin involved cxlrcmity must 
be "worked” Iiy lisild jmssivo motions, followed by active use of the wrist and finders. 

5. It, is nsefnl to intillrafn loc'ally tin' wrist or liiiners for increased mobilization of stilToncd joints. 
The jiatient's intoresl .should b(> et'oked in the r’ompreheii.sioti of the treatment, and in appreciation 
that each infdtration is oidy a sl(']) in the general iinj>ro\'einent, 

i’he number of infiltrations may bi’ le.-.-eiied by curly t rent incut . The author cites a ca.se in which 
one infiltration was sullieienl to ]>ro(hie(' reeowry. — Ktnnnud li. /Ca/i/oa. M.l)., A'eie Vorl:, A\ Y. 

Caui’ai, Boni: lN.inui:s. John 1). Sherrill. Smilhrni Mt ilirnl .lotinml, .18: .10r)-.112. 101'). 

Sherrill n'views injuries to the sm.all bf)nes of the wrist. Fri'sh friii-tures of the carpal scaphoid 
are tiaaitc'd by ])rolon}'('d immobilization in a pla.strT ea.st to the wrist, inciudinf' the thumb; the wrist 
is in radical deviation and 30 dt'^rees of dor.s.al lle.vion. .At least four months should pa.ss before a diag- 
nosis of non-union is made. Cases diagnosed ns late a.s three or four weeks after injury should be 
treated as fresh fracturi's. In the treatment of non-union, the following methods have been advocated: 
immobiliz.'ilion, drilling, boiie-grafting, (>xcision of one or more fragments or of the entire bone, and 
fusion of the wrist, joint. .Several cases of per.sistent non-union have been seen, whiidi have had few 
disabling symjitoms. Cases should bo c.'irefull.v studied before .surgc'rv is decided uj)on. 

In dislocation of the semilunar, an altemi)l at closerl reduction under anaesthesia should be made. 
If not succc.ssful, ojien oiieration is done and the bone is rojilaccd or excised. Other fractures and dis- 
locations of the carjial bones are di.scus.sod. — Fm/ G. JInilf/soti, M.D., Atlnu/n, Georgia. 

Cou.i:s’ Fiiactuiik. J. Warren White. Honlhcrn .Medical Journal, 38: 41.5-417, 1915. 

In cases of C^olles’s fracture, I lie author advocates com])lete reduction under a general anaesthetic, 
check by roentgenogram, and maintenance of the haml and wrist in pronation and ulnar deviation 
(Cotton and Lodcr jiosition) in a plaster cast from metatarsal heads to mid-humerus. After two or 
three weeks the jiosilion of the hand may be changed, and the cast .shortened. Splints, cither home- 
made or custom-made, arc not so satisfactoiy as plaster casts. The plaster .should not be removed for 
Rve or six weeks. 

The conclusions arc .ns follows: (1) Do not attemiit reduction without roentgenograms. (2) Use 
a general anaesthetic. (3) Secure anatomical reduction. (4) Use pl.nstcr casts, but not splints. (5) Do 
not remove the cast too soon. (6) Have the patient move the fingers. (7) Do not use physiotherapy too 
strenuously. (8) Do not resort to subsequent surgery in older people. — Fred G. Hodgson, M.D., At- 
lanta, Georgia. 

The Use of Skin Flaps in the IlEP.un of Scarred or Ulcerative Defects over Bone and Tendons. 
Earl C. Padgett and John H. G.nskins. Surgery, 18: 2S7-29S, 1945. 

The authors report a series of ninety-seven patients treated for deep adherent scars, manj' of them 
over bones or tendons, hy means of thick skin flaps. In many instances, the entire operation wms carried 
out in one procedure, thereby reducing the period of hospitalization to approximately one-fifth that re- 
quired in procedures making use of delayed or tube flaps. — Edieard L. Compere, M.D., Chicago, Illinois. 

Human Fibrin Foam avith Thrombin as a Hemostatic Agent in General Surgery. Experimental 
Studies and Clinical Use. Orville T. Baile.r', Franc D. Ingraham, Orvar Swenson, John J. Lowrey, 
and Edgar A. Bering, Jr. Surgery, 18 : 347-369, 1945. 

Fibrin foam, a material obtained in the fractionation of human blood plasma for the preparation 
of human fibrinogen .and thrombin, is an effective .absorb.able hemostatic agent w'hen soaked in human 
thrombin solution. This material will control bleeding from oozing surfaces, from the dural sinuses, and 
ermn from large cerebral veins. 

The authors emphasize, however, that the use of fibrin foam with thrombin should not replace the 
careful control of bleeding bA-^ means of meticulous dissection .and adequate placing of sutures.— Ed' 
■ward L. Compere, M.D., Chicago, Illinois. 

Pulmonary Embolism in Fractures of the Hip. Harry Golodner, Louis J. Morse, .and Alfred An- 
grist. Surgery, 18: 418-423, 1945. 

Heart disease and bronchopneumonia have been thought to be the most common causes of de.atli, 
following fractures of the hip. Pulmonary embolism has not been considered as often as this article 
would indicate that it should be. Of 304 patients who Avere treated for intertrochanteric or intracap- • 
sular fractures of the neck of the femur, there Avere eighty-six deaths. TAventy-five autopsies Avere per- 
formed, and the causes of death in these patients AA-ere as folloAvs: pulmonarA'- embolism in nine, bron- 
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cliopnoumonia in se\cn. aitcno'-cicrotic heart disea'-e m foui, and miscellaneous causes of death, includ- 
ing sepsis in fi\ e 

Till-- stud\ Mould indicate that piilinonan- cinboli'-m fioin lenous thrombosis in the leins of the 
loner extreinitie- is the mo't frequent cause of death in ca'es of fracture of the hip From then ob- 
servations, the authors conclude also that this complication is less frequent in patients who become 
ambulaton early. They have sugge-ted propln lactic bilateral ligation of the superficial femoial vein, 
combined with lumbar sv-mpathetic block, for the prevention of pulmonarj embolism m fractures of 
the hip of patients who cannot be made ambulatorv earlj — Eduard L Compere, M D , Chicago, Illinois 

The Trevtmfnt of Proguessivf Bvctfuial Svnergistic Gangrene with Pemcillin, Fiank L Me- 
Icnev, Sidnev T Friedman, and Haiold D Harve 3 ’ Surgery, 18 423-435, 1945 

Treatment of throe cases of progies'ive bacterial gangrene, one of the chest wall, a second of the 
abdominal wall, and the third of multiple lesions involving areas of both legs and the chest, was re- 
ported The organi-ms found in the cultures were of numerous bactenal species In the first two pa- 
tients, the spread of the gangrenous infection was checked bj penicillin Response to this therap 3 ' in 
the third patient was ver 3 ' slight Surgical e\cision was attempted but the patient died on the morn- 
ing of the seventh postoperative da 3 - from a large pulmonar 3 ' embolism 

The authors conclude that the presence of Eschcnctna coh and Pseudomonas pyocyanea m the in- 
fected gangrenous areas of Case No 3 were responsible for the failure of penicillin in the treatment of 
this patient The 3 ' demonstrated in the laborator 3 ' that these organisms elaborated penicillmase, which 
complete^' inactivated penicillin in wlro The 3 ’ conclude, however, that pemcilhn should be tried in 
all patients with bacterial progressive gangrene — Eduard L Compere, M D , Chicago, Illinois 


Three Hundred Fifti-Two Cases of Tetanus Roald T Vinnard Surgery, 18 482-492, 1945 

In most areas within the United States, tetanus has become an extremely rare disease A report of 
352 patients treated in the Charity Hospital of Louisiana at New Orleans m a single ten- 3 'ear penod 
represents a sene= which is large enough to constitute a scientific stud 3 ' The total mortahty was 45 
per cent Vmnard urges routine immunization by tetanus toxoid of the entire population, routine ad- 
ministration of prophylactic antiserum in the treatment of all injunes of patients who hav e not previ- 
ously received toxoid immunization , and education of the lay public to report, and of doctors to recog- 
nize and institute immediate therapy for, s 3 ’raptoms of earl 3 ’ tetanus 
y The abov e recommendations are for the purpose of prev entmg tetanus The program of treatment, 
« where tetanus has already appeared, was also di'cussed Perhaps it would be well to add that early and 
complete debnuement and cleansing of all wounds for the removml of dirt and other foreign matenal 
would be an additional safeguard against tetanus, as well as against other infecting organisms -Fd- 
uiard L Compere, M D , Chicago, Illinois 

Gunshot Fractures of the Shaft of the Humerus William T Fitts, Jr, Charles K Kirb 3 % and 
Ernest A Brav Surgery, 18 493-497, 1945 

Gunshot fractures of the shaft of the humerus compnsed approximately 3 per cent of all battle 
casualties among the pa'tients who were admitted to the general hospital from which this studv was 
made The hanging arm cast was used in treating the majority of these fractures, and bone union was 
accomplished in almost every instance in which there was no significant bone loss Ninety -three per 
cent of the wounds were debnded in forward hospitals Debridement was performed within the first 
b'elve hours in 69 per cent of all the injured Sulfanilamide was used locallv m every wound, and oral 
^ sulfonamides vv ere giv en to all patients before admi=-ion to the hospital 

Most of the patients arrived at the hospital weanng abduction plaster spica casts In the major- 
dy, there was marked di=ahgnment of the fracture-, which corrected immediately after the “pm was 
t, removed and the arm was permitted to drop to the side in a hanging cast Associated nerve injuries 
occurred m many of these fractures and were the most frequent cau=e of permanent dwability — 

Eduard L Compen 1/ D Chicago Illinois. 


Studies in Experimental Vascular Surgerx Sidnev Smith Surgery, 18 627-643 1945 

A V on complete rev lew of the literature including a lii-toiy of v a-cular -urgeiy, is included in this 
report U-ing dogs for experimentation, numerous tedmique- previou-lv dc-tribed were repeated under 
eontrollcd conditions The use of a soluble rod in-ertcd into the cut end- of an artery wa- found to be 
“ 'cry readilv applicable method of approximating accuratolv the edges of arteries while they wore bc- 
, 'aiturcd This rod went into solution in the pul-ating blood in one minute or lo- The artenal 

® math was then sutured securelv all the wav around the arten at the site of the anastomo-i Edxcard 

^ Compere, M D , Chicago, Illinois 
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OnTiioi’Annic Ruiior.itv r()i,i.owiNO Pi:iiinii:itAi.-Ni;itvi: lN.n;itii:s. D. Clmklin. Voprmi Ncurokhirurgyi 
No. 3, CO, If) M. 

Tlicrc fire iiroas of nerve injuries, wliern all at (empl.s at, repair will houseless. Tlioro arc other areas 
in which nerve .suture Kivc.s mediocre re.sult.s after loim eonvale.sconce. 

In the uiijicr extremity, in the presence of prave injuries to the hi-achial picxu.s, the treatment con- 
sists in: (1) oi)erativc correction through an ostcotomized clavicle with special attempt to repair the 
median nerve; (2) .support of the extremity with a hinge joint for the olhow; (3) arthrodc.sis of the 
shoulder after a period of eight to ten months, folhtwcd hy immobilization for three months; (4) 
muscle lrans])lantation for extension, if flexion of the wrist and fingers has been restored. In the pres- 
ence of total paralysis of all the muscles of the tipper extremity, arthrodc.iis of the shoulder and the 
elbow with a tenodesis of the wrist is advi.sablc. Itadial-nervc paralysis may require cither transplanta- 
tion of tendons or a combined suture of the nerve with tninsplantation of tonflons. For median-nerve 
paralysis involving the thenar muscles, one of Hunnell’s procedures is recommended. 

In the lower extremity, injuries to the femoral nerve involving the quadriceps present difficult prob- 
lems. Contractures of the knee joint have to be overcome and then transplantation of the biceps per-^ 
formed; or combined transplantations of the ten.sor fasciae lat.ac and sartorius may be advisable. Among' 
the less desirable corrective measures are arthrodesis and arthroercisis of the knee joint. 

Injuries to the sciatic nerve require prolonged phy.siotherapy, the wearing of light braces, and ten- 
odesis of the extensor tendons or jiostcrior arlhrocrei.sis of the ankle. Special attention should be given 
to the often overlooked contracture of the toc.s. — Etunmicl li. Kapbin, M.D.,Ncu' Ynrk,N. Y. 

Camptocohmia. a Functionai, CoNniTiox or Tin; B.ack in Nnunoric Souunas. S. .A. Sandler. War Medi- 
cine, 8; 3G, 1915. 

No doubt very few of our orthopaedic colleagues arc familiar with the term “camptocormia”. The 
author defines this as a “hj'sterical ])hcnomcnon seen during wartime in certain neuroticallj’ ill soldiers”. 
The condition is manifested by pain in the lumbar area and by a marked flexion of the trunk. It may or 
may not be precipitated by trauma. Primarilj’ it is functional in origin. 

Sandler presents a long scries of case reports on soldiers, some of whom have had attacks prior to 
entering the Army. These patients are never erect, but when standing or walking bend fonvard at an 
angle of from GO to 90 degrees. Most of them had cither adored or hated their fathers; thus the father- 
son complex was developed to a rather extreme degree. The fathers of many also had complained of pain 
in the back throughout the span of memory of the patient. 

A few of the patients were cured b.v pajmliotherap}'. Slrangcl.v, in almost everj' case the back-bending ' 
phenomenon was attended, or had been preceded, b.v sexual impotence. Sandler expresses the opinion 
that many of these patients were at least potential homosexuals. 

AVhether in military or civilian life, these patients are usually incorrectly diagnosed and considered 
to be malingerers. The orthopaedic surgeon who sees such a patient should tr}-^ to obtain a neuro- 
psychiatric history and, when the correct diagnosis has been made, refer the patient to a psychiatrist if 
possible. — Edward L. Compere, M.D., Chicago, Illinois. 

Maduka Foot. F. E. Clough. The Western Journal oj Surgery, Obstetrics and Gynecology, 53: 153, 

1945. 

Madura foot is usually considered a rare tropical disease indigenous to India, but forty-three cases 
have been reported in the United States and Canada and four unpublished cases, originating in Cali- 
fornia, were discussed in 1944. This term includes “all fungoid diseases of the feet in which there is gram 
formation, regardless of fungous etiology”. There are at least forty-eight species of fungi that might 
cause the disease, and many of these belong to the family of Actinomyces. All species give rise to the 
same symptoms, pathological changes, and end results. They all produce grains or seeds of various colors 
as their distinguishing features. 

A case is reported of a forty-three-year-old Mexican agricultural worker who was first seen in 1930, 
because of discomfort in his left foot. In 1934 he was given corrective foot pads. Roentgenograms at 
that time showed no bone changes. In 1936 the foot began to swell and roentgenograms showed severa 
tiny drill holes through the fourth metatarsal. Several small sores had broken open and healed. On 
March 8, 1940, the entire foot was greatly swollen. The sldn was thick and darkened. Nodules, varying 
in size from a small shot to a marble, could be felt everywhere. Sinuses were excreting a thin, yellowish 
pus from which could be expressed tiny brownish seeds. Fungi were found in the crushed seed. Pam 
was not a major complaint. Roentgenograms showed a worm-eaten appearance of all the metatarsals 
and tarsals; the contour of the bones remained normal, but one metatarsophalangeal joint showed be- 
ginning destruction. All types of medication were tried with no benefit. In February 1942 the left foot 
was amputated. Recovery was uneventful. — Commander F. Harold Downing, U.S.N.H., Shoemaker, 
California. 
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PSYCHOSOMATIC PROBLEIMS IX MILITARY ORTHOPAEDIC SURGERY^ 

BY M.\JOR J. VERXOX LUCK 
Medical Corps, Army of the Vnilcd States 

From the Orthopaedic Section, Army Air Forces Regional Hospital, 

Santa Ana Army .4ir Base, Santa Ana, California 

AVorld AA’^ars I and II have given impetus to the study and understanding of the 
neuroses. Involvement of the musculoskeletal system bj" these disorders is more common 
m the Array than was formerly appreciated. Orthopaedic surgeons, as well as other 
clinical specialists, have come to the realization that there is a psychiatric aspect to their 
specialty which they can neither ignore nor deal with merely by intuition. Many have 
been so fascinated by the physical phase of the work that too little recognition has been 
given to psj'chosomatic problems, — even to the extent of carrying out heroic operative 
procedures upon neurotic patients. 

To diagnose a syndrome as functional merely by methodically ruling out all known 
organic lesions is to disregard the fact that the psychosomatic entities have characteristics 
of their own. A psj^chosomatic diagnosis must be based upon what the patient has. and 
not alone upon what he has not. Of course, a complete search for organic lesions should 
not be neglected. AA’e now recognize that, if musculoskeletal SAunptoms of psychogenic 
origin are identified, our responsibility to the patient does not always end when we have 
found that there is no organic lesion. 

In discussing the frequency with which psychological problems are encountered in 
an Orthopaedic Section, Ylenninger^ has said; “. . . eveiy medical patient and every 
surgical patient has a psychological aspect to his illness”. In a study of 4.50 consecutive 
cases on an Army Yledical Service which were given diagnoses of arthritis or of allied 
organic conditions, Boland and Corr found “ps\-chogenic rheumatism" to be the ino.^t 
frequent eause of disability. There may oven be an important psychic factor in fracture.-; 
and other accidents. Dunbar refers to accident proneness, and presents evidence that a 
personality faetor is responsible for approximately 80 per cent, of accidents. Icavim: not 
more than 20 per cent, which are “accidental" accidents. .-V survey of all patients hos- 
pitalized on the Orthopaedic Section during the year 1943 disclosed that 11.1 per cent, 
had outstanding psychological problems which were either the sole cause, or the most 
important contributing cause, of their disabilities. .Ymong the patients in the Orthojiacdic 
Out-Patient Department during the same year, over 25 per cent, were predominantly 
psychogenic. 

•T.ini * ^Tl’ared for presentation at the meeting of The .Vniencan .\cadciny of Ortliojiaeriic .'^iircr-on-, 
lata- 1915, which was eaneclcd in compliance with the request of the Olnce of Defence Tran-jKirtation! 
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Three lypes of psycholof^icnl prohleins have regularly ajjpeared in the OrUiopacclic 
Section: (1) i)syehogenic ])robleni.s in wliieh no relevant organir lesion could be uncovered, 
cither in the i)rosent or in (he j)a.s( ; (2) psychogenic problems which were secondary to 
organic lesions; and (3) jisychogenic pr(»bleins which jierpetuated some of the physical 
sjuiiptoms of a healed organic lesion. From a i).‘<ychia(ric standpoint, the cases with 
psychogenic musculo.^^'kcletal symptoms may lie divirled into those with (a) convension 
reactions, (b) anxiety or tension states, and (c) elaborations (psychogenic elaboration of 
sjuiiptoms from an organic lesion), ^'^•lrious coml)inations of these three types arc more 
common than pure types. 

Where there arc concomitant function.al anrl organic .‘:ymi)(oms, every effort is made 
to determine the rel.ative part each plays in the clinical jricture, anrl therapy is directed 
toward each com]roncnt. The iK'cd for recognitij)n of the emotional factors associated 
with organic diseases is well staterl by Weiss and I'inglish: “The day is near at hand for 
the final outmoding of the ‘either-or’ concept (either functional or organic) in diagnosis 
and to place in its stead the idea of how much of one and how much of the other, that is, 
how much of the jiroblcm is emotional and how much is physical”. 

More than 1,000 cases, in which the psychogenic factor was cither the most important 
cause or the sole cause of musculoskeletal symptoms, were referred to the Orthopaedic 
Section. All cases were referred for orthopaedic diagnosis and treatment by physicians in 
dispensaries and in the various Clinical Sections of this and other Armj’’ Hospitals, By 
referring most cases with disabling musculo.skcletal symptoms first to the orthopaedic 
surgeon, the complex cases which prove to be purely psychological problems may be 
quickly studied, recognized, .shown to have no orthoj)acdic complications, and promptly 
transferred to the psychiatrist. This procedure gives the psychiatrist and the patient reas- 
surance that there is no definite evidence of an organic lesion of the musculoskeletal system. 

Not nearly all of the cases displaying functional musculoskeletal disability were 
diagnosed as psychoneuroses. Many were classified bj' the psychiatrists ns cases of simple 
adult maladjustment; this meant in most instances that the patient had been adjusted 
emotionally for most of his life, but had now succumbed to overwhelming j)sychical stresses, 
usually incident to military service. Most of these patients recovered or improved under 
psychotherapy and environmental manipulation. Of the full}" developed neuroses which 
were observed, the largest group revealed conversion phenomena in the form of pain, 
non-anatomical areas of hypalgesia, j^aralysis, or bizarre posture. An accurate classifica- 
tion by the psychiatrists as to type was frequently impossible, due to the mixture of 
symptoms. An element of anxiety was uncovered fairly regidarly, but pure cases of 
anxiety neurosis have been in the minority. Neurasthenia, hypochondria, and compulsion 
neurosis were all observed in the Orthopaedic Section, but these findings were exceptional. 
No attempt will be made to give a detailed account of the psychiatric aspect of the cases 
studied, because the writer is not a psychiatrist. Rather, an attempt will be made to pre- 
sent those phases of the problem which are of interest to the physicians who treat musculo- 
skeletal conditions. Surgeons have hesitated to depart from the “solid ground” of the soma 
to tread on the “thin ice” of the psyche, but there is increasing evidence that the day is 
approaching when they will freely discuss the psychological aspects of their surgical cases. 


PSYCHOLOGICAL HISTORY 

Menninger^ has outlined an excellent abbreviated neuropsychiatric examination which 
can be conducted in a few minutes. The Adaptability Rating Military Aeronautics of the 
Army Air Forces Flight Surgeons includes a similar examination. This type of abbreviated 
history is taken on all cases in the Orthopaedic Section in which the source of symptoms 
is obscure, or in which inadequate objective and laboratory evidence exists to explain the 
subjective symptoms. The long, comprehensive history taken by the psychiatrist requires 
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considerable time and experience; such a studj' is essential onlj^ for the understanding and 
evaluation of complex cases. An abbreviated psychological historj’ can be taken b}' anj- 
physician in conjunction Yvith the regular clinical history’, and in a high percentage of 
instances it will give sufficient infonnation for an adequate eY'aluation. After such a study 
a psychological disorder will not often be perpetuated by being treated as an organic 
entity, or denied therapy because no organic lesion is identified. 

In dealing with soldiers, one of the first questions in a psj’chological histoiy regards 
adjustment to militarj- life. INIany factors in Army service cause anxiety, and in the 
emotionally immature individual this growing anxiety can precipitate neurotic physical 
sj'mptoms. Neurotic symptoms Y’erj^ often develop in soldiers with poor psychical re- 
sistance during the first few months of service, before combat conditions are encountered. 
These soldiers cannot withstand regimentation and steady, hard, monotonous work, in 
addition to being denied their home life, luxuries, and old friends. Their despair and 
resentment gi^-e rise to frustration and conflicts, which usher in mental depression and 
disturbed sleep. Sleeplessness and long hours of hard work soon lead to chronic fatigue, 
increased insomnia, and more anxiety. The soldier maj’^ then meet an adY'erse situation 
which is “the straw that broke the camel’s back” and maj^ dramatically convert his emo- 
tional chaos into physical symptoms; if these sj'mptoms are manifest in the musculo- 
skeletal system, he will probabty be sent to an Orthopaedic Section. In a psj'chological 
historj’^ it is important to record a previous ner\'ous breakdown of the patient or of a 
member of his family. An unhappj’’, loveless childhood is also given the greatest signifi- 
cance by psychiatrists. Inability to work, to go to school steadilj’’, or to get along well 
with people usually indicates maladjustment, and such findings are frequent in the neu- 
roses. Excessh-e fatigue, insomnia, nightmares, nervous tension, globus hystericus, pal- 
pitation of the heart, hyperhidrosis, eneuresis, physical and mental depression, vertigo, 
fainting, numbness and tingling of the extremities, timidity, sexual pen-ersions. sulkiness, 
laziness, tantrums, and seclusiveness may all be of psychological origin. A historj' of one 
or seY^eral of these symptoms may indicate the presence of an important emotional prob- 
lem, and may throw light on the patient’s emotional maturity. 

SUBJECTTY'E FINDINGS 

Psychogenic Pain in the Musculoskeletal System 

It is enlightening, and most helpful from the standpoint of diagnosis, to persuade the 
neurotic patient to describe his symptoms accurately. At the outset he usually describes 
his physical distress merely as a pain, just as does the patient with an organic lesion. 
There are important shades of difference between organic and psychogenic pain, and these 
differences may serYm as useful clues to the correct interpretation of the entity at hand. It 
must be emphasized, howeY'er, that one is not justified in basing a diagnosis of a functional 
disorder solely upon any one sjunptom in the clinical picture, regardless of how significant 
that symptom may appear. 

IMiat the neurotic individual describes as pain in the joints or in other regions may 
be discovered, upon further questioning, to be a feeling of tension or of pressure. The region 
maj^ feel tight and the tension maj' increase steadily when the part is kept in one position. 
Such tension may be described as a “pulling sensation”, and may be associated with 
throbbing. The focus of psjmhogenic distress maj' feel as though a great weight were upon 
d, and as though the area were intensely fatigued. Peculiar and bizarre postures may be 
assumed, such as forward flexion of the spine (camptocormia). There is no position of 
tymplete relief, and no relief is obtained from immobilization. In a normal-appearing 
Joint, a psychogenic factor should be suspected when a disabling pain is not influenced by 
motion or rest of the joint. An occasional patient is considerably relicY-ed by bed rest, and 
appears willing to spend many months in the hospital. Wlicn in bed he escapes from part 
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of his anxit'ly, and is lla'i’c-hy i)ar(ially relieved of the physical iTianifestafions of the 
anxiety. 

]3izarre ])atterns of radialing pain may also ehai-aeferize a neurosis. One of the most 
consistently ]).<ychoj;enic pains is that which radiates from the coccyx or sacral region up 
the spine, to (aid in the upper hack oi’ in the occipital I’cgion. Pain radiating from a di.stal 
jioint. jiroxinially is far more likely to he of functional origin than pain wliicli radiates 
distal ward. 


Head ion to Procaine 

A distorted or jiaradoxical rcaiction to procaine, injected into ;i site of mnscnloskeletal 
jiain, is often a cliu' to a jisyehologieid disfnaler. 

Ollier ('oni plaints 

Otlier complaints, some of which jnay occur with purely organic lesions, may be as.so- 
ciated with the nenrosc's. 'J’hese inchide sen.<alions of mnnhness and of ‘‘pins and needles” 
in the extremities, which feel as though the arms and legs are aslei'p; compelling impidses 
to change jiosition continnally in order to jirevent the legs from becoming unbearably 
tense or “dead”; daily variation in the site or sites of discomfort ; the feeling that a part of 
the body is missing, jiarticnlarly the extiamiities; inability to relax a portion of the body; 
and difi'use weakness of an extremitv. 


On.lIXTIVK FIN'DI.VOS 

The ])hysical examination may reveal no positive findings, or it may disclose many. 
The objective findings most frequently observed in association with jisychological dis- 
orders are: tl) circumferential (non-anatomical) hyjialgesia: t2) hysterical jiaralj’sis; 
(3) vasomotor instability ; (4) hyperhidrosis; (.5) hyperactive reflexes; 16) camptocorniia 
and other ps 5 'chogcnic iiostures; t7) astasia-abasia lability to sit and move about in bed, 
but not to stand or walk) ; (8) coar.se intention tremor of an extremity; t9) anxiety symp- 
toms (apprehension, frustration, bounding i)ulse, and dilated j)U])ils) ; and (10) blindness, 
deafness, aphasia, or aphonia. Again it must be emphasized that a clinical ])icture is not 
necessarily considered psychogenic merely because one of the above findings is present. 
The diagnosis is made after weighing each subjective symptom and objective finding, and 
analyzing the picture as a whole. 

Circumferential Ilypalgesia (“ Stocking-ond-Glove" Anaesthesia) 

One of the most significant objective evidences of a neurosis, and one which is fre- 
quently overlooked, is the presence of non-anatomical areas of diminished sensation. Such 
areas are nearly always circumferential, and they involve extremities more frequently 
than other parts of the body. However, the patterns of distribution appear to be legion. 
A detailed study was made of 100 consecutive cases in which conversion reactions included 
circumferential hypalgesia (Figs. 1 to 4). At the bottom of each sketch, below the soldier’s 
rank, initials, and age, is a statement of the major site of the subjective musculoskeletal 
symptoms. All cases having similar subjectiAX complaints are grouped together. It is at 
once apparent that the site of musculoskeletal symptoms did not often dictate the pattern 
of the hypalgesia. Neurotic hypalgesia may be associated with functional subjective 
symptoms in other body systems, particularly the cardio-respiratory and gastro-intestinal 
systems, and the i^atterns of hypalgesia are similar to those observed when the functional 
symptoms are centered in the musculoskeletal system. Ten of the 100 patients had 
hysterical paralysis, and in each instance the paralysis was at the site of pain. 

Although conversion hj^steria seldom produces analgesia and anaesthesia, it frequently 
is associated with hypalgesia and hypaesthesia. Since the diminished response to the 

THE JOUKNAL OF BONE AND JOINT SUBGCnV 


t 



PSYCHOSOMATIC PROBLEMS IX MILITARY ORTHOPAEDIC SURGERY 


217 


sensation of pain is relative, the line of demarcation between tlie site of the patient’s 
normal res])onse and the site of his diminished response must be identified. This can be 
done only by carrying out an examination which tests every one or two inches of skin, 
along lines running the length of the entire body. A sharp pointed instrument, such as a 
pin or needle, is used, and the skin is pricked quickly, sharply, and firmly. An accurate 
interpretation of abnormal pain sensation can be made only when the examiner knows 
what constitutes a normal response in the various regions of the body. To have a clearer 
idea of the normal response, complete sensory examinations were done on 400 individuals 
with no known physical or mental disorders. There is considerable variation in the normal 
response, but certain regions are consistently more sensitive to pinprick than others. The 
more sensitive areas include the palms and the volar aspect of the fingers, the antecubital 
region, the axilla, eyelids, lips, groins, genitalia, popliteal regions, and the soles of the feet. 
The medial aspect of the arm is more sensitive than the lateral aspect, the temporal re- 
gions are more sensitive than the top of the head, and most of the face is more sensitive 
than the neck. 

During the examination, information can often be gained simply by watching the 
patient’s response, rather than by asking him to state whether the pinprick feels sharp or 
dull. If there is hypalgesia of a part, the patient will nearly always flinch sharply when 
normal sensation is encountered at the line of demarcation. If no flinching occurs, the 
patient is asked whether there is a sudden change in the way he feels the pinpricks. Every 
effort is made to avoid suggesting a response to the patient. The temptation to mark 
levels with a skin pencil should be resisted, and to discuss hypalgesia patterns with the 
neurotic patient serves only to increase his burden of anxietjL It is unusual for the patient 
himself to discover the hj'palgesia. 

In many cases the regions of hypalgesia were tested for their response to touch, heat, 
and cold. In the involved areas there was a consistent diminution in the patient’s reaction 
to all forms of sensory stimuli, but no test is so striking nor so satisfactory for identifying 
levels of demarcation as that for pain sensation. In areas of neurotic hypalgesia, the 
diminished pain sensation involves the deep structures to the same degree as it does the 
skin. This is particularly evident when needles are inserted without pain into the perios- 
teum, the ligaments, and the joint capsules. Compression of these structures is also pain- 
less, and this fact is most striking when the tendo achillis or the pretibial periosteum is 
firmly compressed without producing pain. Compression of the heel cord and pretibial 
compression can be employed in the lower extremities, in addition to the sensory check. 
In the upper extremities, finger-tip or carpal compression serves the same purpose. 

Numerous patients showing hj^sterical hypalgesia were examined on several occasions 
to determine the course of the sensoiy changes. In a few cases the changes entirely dis- 
appeared in from two to ten days, but in most instances the changes lasted several weeks 
and persisted at least as long as the pain and distress. Several cases that were followed 
through more than one episode of conversion sj’^mptoms disclosed sensory changes during 
each episode, and were entirely free of such changes between episodes. It was not unusual 
for the pattern of hypalgesia to change, sometimes radically, but most cases showed a 
consistent pattern and unchanging levels. In studjdng the sharpness of the demarcation, 
it was common to find that as little as one-quarter of an inch separated the zone of 
hj palgesia from the zone of normal sensation. 

The medical literature includes few descriptions of the variations in distribution and 
le characteristics of hysterical sensory changes, and it is for this reason that the patterns 
of 100 cases showing these changes are presented. This is a relatively large series to be 
^cicened from a non-psychiatric section, but many thousands of cases were studied and 
tieatccl in the Orthopaedic Section during a period of approximately two years. 

Of the 100 patterns, ninety showed multiple sites of hyjialgesia and seventy-two had 
^oine degree of involvement of all four extremities. Changes were confined to the riaht 
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B.R. 

Age 

28 
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Cast 

/f^ 

16 

W 

I 

Pvt. 

\ 

C.E.O. 

Ag 

25 

Feet 


Cpl. U.L.C. 
Ago 36 
Feet 


Cose 12 


Prt. E.C.Mc. 
Ago 32 
Feet 


PFC 
Age 21 
Right Foot 


a/s C.C.K. 
Age 20 
Feet 


Case 8 


a/s S.C. 
Ago 22 
Feet 



Cnae 18 



A/C V.O.S. 

Age 19 
Right Foot 


Fig. 1 


Ctiso A 


FVt, J.ll.B. 
Age 31 
Feet 


Cnao 9 



PFC D.F.S, 
Ago 22 
Foot 


Coso 14 


PFC K.R.R. 
Ago 27 
Foot 


Right Leg 



Case 10 


Prt. A.S, 
Ago 31 
Feet 


Caflo 15 



A/C R.Ii.Ii. 

Age 25 
Feet 

(Paralysis of Toes) 


Case 20 


ft 


Cpl. G.T.R. 

Age 27 
Right Foot 
(Paralysis) 



Pvt. O.S, 


Right Log 


Distribution of non-anatomical areas of hypalgesia in cases of conversion hysteria. The pre- 
dominant site of snbjectirm sjTOptoms is stated beneath the patient’s age. 
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Left Knee 


tase 4b 

ft 

JVl. H.J.S. 

Age 32 
Right Ihlgh 
(Penjyola) 


Ceae 47 

ft 

Prt. J.P. 

Age 36 

Right Thigh and Leg 



a/c TT.K.L. 

Age 21 
Right Thigh 


Prt. W.G.W. 

Age 29 

Right Leg and Thi^ 
(Paralyaia) 


Sgt. L,H. 
Age 24 
Coccjx 


Fig. 2 

Patterns of circumferential hj^palgesia. 
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side' of tlu’ body in clcvon ciiscs, !iiid (o (lie lefi .‘<ide in four. In fiffy-(\vo eases part or all 
of (lie head was involved; Ibis inelndetl (be eonjnneliva. when (be level extended below 
tbe eyes, ^\'bile tlu' site of (be innsenloskeletal .<ynii)(oins did not often .appear to dictate 
tbe jiattern of (be sensory ebiupues. all eases in this series wbieb bad extnanity symptoms 
bad liypalgesia in those extremities, 'i'lna-e w.as a tendency for nnilater.al .'symptoms to he 
on tbe rifrbt side. (If tbe nineteen eases witii nnilatei-al knee symptoms, fifteen were on 
tbe riirbt and only four on (be left. Of tbi' five eases with .‘^ymidoms in one foot, all were 
on the ripibt. 

Sixty-ei.u:b( of (be patients were enlisted men, (birty-om* wen* avi.ation students and 
cadets, and one was an officer. In (be ten eases of byslerie.al p.ar.alysis the involvement 
was in tbe extremities, and was distributed .as follows: toi's. one ease; right foot, two cases; 
right knee, one ease; right leg .and tbigb, one ease; right tbigb, one laise; left shoulder, two 
eases; left forearm, one easiy right fore.arm, one ease. Of these eases, four were of short 
duration and responded well to treatment; six were of many months’ fiuration and were 
resistant to therapy. 


co.Mi’.Mu.sox or I’sveiiomcNic .vxd onc.v.vic .Mrscn.osKnM'/r.M. sy.mi’toms 

Since tbe majority of p.syebogenie musculoskeletal .<ymj)toms are referred to joints, 
emphasis will be placed upon differential joint diagnosis. 

When the physical symptoms are out of proportion to tbe objective findings, the 
possibility of a iisyobogenie disorder must be entertained. In tbe majority of cases in this 
series with joint symptoms, there were no positive objective findings. A roentgenogram of 
the joints was usually made, however, and a sedimentation rate was obtained to make 
certain that no organic lesion was developing and to reassure both the doctor and the 
patient. DifTusc tenderness is not an unusual psychogenic symjAom. This type of tender- 
ness is not limited to anatomical structures, however, and may vary in its distribution 
from clay to day. It may involve the entire back or an entire extremity. Those regions 
of the body which arc normally quite tender must not be recorded as sites of point ten- 
derness. 

Muscle spasm ma}'’ unconsciously be simulated by the neurotic individual, who may 
hold a part of his body in one position for a long period of time: the knees may he held 
rigidly extended, the foot in equinus, the spine bent forward, the head bent to one side, or 
a shoulder elevated. In these cases the joints may become stiff and the muscles atrophied, 
thus presenting a secondary organic iJrobIcm. 

In psychogenic disorders, when a joint is flexed jDassiveljq resistance may be en- 
countered after the first few degrees of motion and the patient may state that he cannot 
move the joint farther. However, if a steady, firm pressure is employed, the joint will 
usually continue to flex, and usually will proceed slowl}'’ and jerkilj'’ to the normal degree 
of flexion. In striking contrast is the finding in joints having organic lesions. When sub- 
stantial resistance and pain are met during the process of flexing the joint, there is progres- 
sive muscle spasm; and only rarely can the patient tolerate having the joint flexed beyond 
a few more degrees. 

Radiating pains, with a consistent anatomical pattern of distribution in one extremity, 
are likely to be organic. Bizarre pains, radiating simultaneously into two or more extremi- 
ties or up the spine and presenting changeable patterns, have usually proved to be psycho- 
genic. A steady, firm resistance offered by some neurotic patients to all passive moAminents 
of the lower extremity should not be mistaken for positive leg signs. Line tenderness of 
the type that occurs along an inflamed nerve trunk — for example, the sciatic nerve — is not 
likely to be simulated by a psychogenic problem. An entire extremity may become tender 
on a psychogenic basis, however, and if only a nerve trunk or other solitary structure is , 
palpated, a misinterpretation might follow. 
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Vasomotor disturbances may become pronounced in the neurotic patient. It is a 
frequent complaint that a part of the bod}’, usuallj' an extremity, is cold and “dead” for 
want of good circulation. If symptoms arc entirely on a neurotic basis, the circulation, 
except for vasomotor instability, would be found to be unaltered. 

Differentiation of organic from hysterical paralysis may be difficult. In many in- 
stances a psychogenic paralysis develops immediately after an accident and may resemble 
a serious nerve or brain injury. Hysterical paralysis may be either flaccid or spastic, but 
the flaccid type is more common. Its response to psychotherapy, faradic stimulation, or 
narcosynthesis may be spectacular. Hysterical paralysis, like hysterical h 3 ’palgesia, is 
bizarre and non-anatomical in pattern. The man}’ tests for identifying localized nerve 
injuries are useful in differential diagnosis, but need not be reviewed here. 

It is a mistake to assume that muscle atrophy cannot occur in hysterical paralysis; 
definite atrophy of all structures in entire extremities may occur, and may lead to organic 
changes which pose many orthopaedic problems. 

Subjectively, there are important differences between organic and psychogenic mus- 
culoskeletal symptoms, which deserve emphasis. The exact time of onset and the charac- 
ter of psychogenic conditions are often vague, but frequently they are related to a period 
of great emotional stress. Recurring episodes of symptoms over a period of years, begin- 
ning in childhood or early adult life, is the rule in conversion hysteria. It is impressive to 
e.\'amine a joint, or any other part of the musculoskeletal system which is claimed to have 
been the source of much distress and disability for many years, and to find no objective 
evidence of disease on physical examination or by laboratoiy test. In such instances an 
examiner may visualize some unfamiliar deep-seated musculoskeletal disease process. It 
is commendable to search diligently for organic lesions; but a tiny marginal osteophyte, 
a slight malalignment of a joint, or a minor congenital anomaly has been held up all too 
often as the etiolog}’ of purely neurotic musculoskeletal symptoms. 

That a minor as well as a major organic lesion can precipitate a neurosis is frequently 
observed. The neurotic patient often begins his stor}’ by telling about a sprained ankle, a 
back strain, or a “twisted knee”. He may ascribe all of his subsequent troubles to this 
organic lesion, which usually healed promptly and left no organic evidence. These indi- 
■v’lduals have usually tried a wide variety of orthopaedic procedures, which are despairingly 
described as having offered no lasting benefit. The treatments received during episodes of 
neurotic musculoskeletal symptoms are given some credit, and this is particularly true of 
that therapy in use toward the end of one or more episodes. These patients, so tr}'ing to 
organicists, refuse to remain “cured”. Each period of emotional chaos in their lives ushers 
m an episode of neurotic somatic symptoms. 

There is an important group of “orthopaedic neurotics” who have both a serious or- 
ganic disability and a complex psychogenic musculoskeletal disorder, and they may present 
difficult problems in diagnosis and therapy. The psychogenic and organic symptoms over- 
lap in such a way as to make it impossible on occasions to know where the organic ends 
and the psychogenic begins. Our attempts at a rigid separation of these two sources of 
symptoms are, however, not always warranted. Abnormal physiological and psychological 
responses go hand in hand. Psychosomatic medicine is not a new kind of medicine, but 
medicine in a wider perspective. From a practical standpoint, however, we must ren- 
often separate the organic from the psychological in order to institute proper treatment. 
tSoth types of symptoms must be treated simultaneously and each must be given its de- 
served quota of attention. 

During episodes of acute, painful, disabling organic disease — particular!}- if the pa- 
bent is bedfast — neurotic symptoms may be minimal. If, during the convalescent periofl, 

'0 .patient is permitted to spend endless hours in introsjicction. tlie neurotic clement 
JCcomes dominant. If unrecognized, unappreciated, and untreated, the stage may then be 
set for months, years, or even a lifetime of disability. 
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Patterns of circumferential h>-palgesia. 
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Sites of A'cuwtir MuscuhskcAelat Si/niptonis 

Alllunigh no ]>ari of (lie body is cxoinpt, (■('I'laiii silos in tlu; niusciiloskolctal system 
are parlicniarly apl, (o become foci of ntMirolic symploins. Sncli siles are tlic sacral region, 
the coccyx, knees, feet, neck, and sbonld(‘rs. Tbc sih; of a licaled fracture, particularly if 
associated with a skin scar, is often tlu‘ focus of neurotic symptoms. 

Although in some instances it. is impossiljle to uncover any explanation of the par- 
ticular site in the musculoskeletal .system at which the .symptoms occur, in a high per- 
centage of cases combined orthopac'dic and psychological histories will irlentify the focus 
as the site of previous oi’ganic symptoms, either in the patient himself or in someone close 
to him, — for exam]de, a mother, father, or brother. P.sychogenic symptoms frequently 
a])]H’ar during convalescence from an organic musculoskeletal lesion, and may tend to 
simulate the pi'evious oi-ganic .syunploms, thereby perpetuating much of the original dis- 
ability for weeks or years after the org.anic lesion has healed. After experiencing a 
frightening accident and siniultaneously incurring major or minor musculoskeletal lesions, 
the jiatient may periodic.ally relive the experience and the muscidoskeletal syinj)toins, as 
a neurotic manifestation. 


•riiKiuev .\xi) Di.'U’osiTiu.v 

The ]isychiatrists can care for the complex p.^^ychological ])roblems, but for a large 
group of patients, i)articularly those with combined p.sychogenic and organic musculo- 
skeletal symjhoms, the orthoiuiedic surgeon will have to assume rc.sj)onsibility for the 
psychothera])}'. Just as there is an acceptable abbreviatcfl form of psychological history, 
there is also worth-while abbreviated psychological therapy, referred to as superficial or 
minor p-sychothcra])}'. This form of therapy includes evaluation and advice regarding 
correction of environmental conflicts; the giving of insight into the significance and the 
character of the existing jnsj-’chological .‘symptoms, ami the cxj)lanation of any coe.vistent 
organic symptoms; identification and elimination of the underlying conflict, when possible, 
and when not possible the elimination of aggravating factors; administration of sedatives 
for insomnia or for chronic fatigue; and the prescription of occupational therapy when 
indicated. 

In setting the stage for psychothcrajjy, it is of the utmost im])ortance that the physi- 
cian have the proper attitude toward the jiaticnt’s psychological ])roblcm. To treat 
neurotic and maladjusted individuals as though they were weaklings or malingerers is to 
slam the door upon psychotherapju The necessity for gaining the patient’s confidence, 
prior to attempting psychotherapy, is self-evident. Psychiatrists refer to this as establish- 
ing rapport. 

Psj'-chological disorders uselessly dissipate the patient’s energy. If the amount of 
energy lost is slight or moderate, the ]iatient may be able to live an ai)]:)roximatel3'' normal 
life. Under this circumstance he maj'^ be considered as emotionally compensated. If addi- 
tional emotional stress is incurred, he not onl)'- needlessly dissipates more of his energJ^ 
but may transform his emotional chaos into physical sjunptoms, and then maj^ be said to 
be in a decompensated stage. Ordinarily such patients can be brought back to their previ- 
ous state by such relatively simple measures as correcting an environmental conflict. The 
neurotic individual may be forced to lead a protected, carefully regulated life in order to 
remain “compensated”. Those who cannot be cured must be taught to live with their 
neuroses. It has been gratifying to find that many soldiers who were weighed down by 
fixed neuroses have been able to carry on after they have been helped to solve some of 
their environmental problems. Their psychogenic musculoskeletal symptoms liaAm not 
always subsided, but frequently have diminished to the extent that the patient coiikl 
do his job. 

Response to treatment depends upon manj’- factors. Some patients develop symptoms 
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only under the most iirofound mental and physical stress. In such patients the response 
to treatment and the prognosis are better than in individuals who develop neurotic episodes 
under the ordinary stresses of life. The term “threshold of eonversion” may be used to 
visualize the transformation of emotional disturbances to physical symptoms. Just as 
individuals have a different threshold of pain, they also have a different threshold at 
which they arc overwhelmed by jisychological stresses. Experiences in this War have 
taught psychiatrists that even the hardiest soldier has a breaking point and will become 
a psychological casualty, if the pressure becomes sufficient!}’ great and prolonged. In this 
type of case the good response to early treatment and the good prognosis are in striking 
contrast to conditions found when there is a low threshold of conversion. 

Veiy often there is both organic and psychogenic musculoskeletal pain, and progi-ess 
in psychotherapy may be retarded or postponed until the organic lesion has been recog- 
nized and treated successfully. Analgesics which relieve the organic pain and have little 
effect on the psychogenic pain may be helpful in evaluating the extent of the organic 
symptoms. 

Neuroses secondarj’ to and precipitated by organic lesions can often be prevented. 
A patient should not be told that his illness or injuries are serious and may result in 
permanent disability until there is no doubt that it is true. Bad news, true or false, can 
damage the patient’s mental health. 

As far as possible, patients with neurotic musculoskeletal symptoms are treated in 
the dispensaries in order to keep hospital admissions to a minimum. Neurotic patients 
admitted to the Orthopaedic Section are studied as rapidly as possible to rule out organic 
lesions, and disposition is made without delay. Before he is released, the patient is firmly 
and positively reassured that no musculoskeletal organic lesion is producing his symptoms. 

Prior to doing elective major surgery’, a psychological evaluation of the patient should 
be obtained. As Wechsler has said in referring to unwarranted surgeiy; “Heroic operations 
do violence to patients and confirm their neuroses’’. 

During convalescence an effort should be made to detect and correct bad psycho- 
logical trends. By personally’ visiting the patient at close intervals, such trends can either 
be prevented or can be discovered early and treated. Keeping the patient well informed 
as to his condition, and reassured when progress is slow, does much to prevent psy’cho- 
logical symptoms. 

Of profound importance is the necessity’ for keeping the patient’s mind and body’ as 
busily occupied as is feasible during convalescence. Menninger'’ has emphasized that: 
‘Morbid preoccupation, and monotonous, empty days in a hospital extend and increase 
mental disability’’. The splendid convalescent training programs of the Armed Ser\’ices 
have been of inestimable value in preventing psy’chological disorders during convalescence. 

The most effective time to treat emotional problems is in their incipiency’. In caring 
for flying personnel, flight surgeons do excellent work in both the prevention and the early’ 
treatment of psy’chological problems. They’ have long appreciated the importance of good 

mental health. 

It is not enough to tell the neurotic patient that he has a neurosis and should snap 
out of it. His will power is not great enough to overcome his problem, so long as he does 
uot have insight into the nature of the problem and the character of his symptoms. (Jiving 
the patient insight is best deferred until a thorough study’ of his condition has been made, 
und his confidence has been secured. 

In the presence of anxiety’, insomnia, and chronic fatigue, temporary administration 
of the barbiturates frequently’ plays an important part. Conflicts and frustration often 
follow in the wake of long-standing fatigue. Many’ an anxiety’ or hysterical state has 
been prevented by’ the judicious use of the barbiturates. 

Aggressiveness in attaining relief often leads the neurotic patient to accept unscientific 
tiierapy’, particularly’ if he is assured that he has an organic lesion underlving his .symp- 
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loins. Exc(>pt when lu'uroscs iirc liopcltwly lixcrl, pnllinfivo (lionipy, sticli as periodic body 
inaniptilalions or pink jiills, is eoiKleiniicd. 'I'n (real a disnnk'r as physical when it is 
psychical can do innch harm. 

lu’iK'Vcr an cnvironna'iital conllict aj'Liravatc.'^ or prccipilalc.s an cinolional problem, 
an oflorl should he mad(' cither to nlf<‘r the cindroiimcnt or the patient’s atfitude toward 
it. Itcassifinnu'nt ludjis many soldir-rs. Many neurotic individuals arc capable of doing 
important work, if projicrly handled. Another trial of duty is indicated whenever there is 
any doubt as to the neci'ssity for separating; a .<oldi('r from the Service'. Patients are urged 
to carry on and are (irmly infornu'd (hat their work will do (heir musculoskeletal systems 
no harm: rather, .nivine; in to every symptom is the real .‘^euirce of harm. 

In the past, we itave usually leatu'd far to (h(‘ organicist’s approach; wc must not now 
lean too far the other way. In the words (»f J’ortis: “fine cannot warn too emphatically 
against making (he psychotherapi'utie approach a new panacea for all patients”. 


I Li^u.sTH.vTi vn c.Asr.,-^ 

C.\si; 7 — Corponil M.b. G.. 'J'lip fwlirni li.'ul li.-ul painful feet for many 3'c.ars, but 

they became muoli woive after lie entered tfie Army. He fiad a ‘‘.sno\v..;Iioe” paif. Xo relief was obtained 
from suiiports or eorrective .«lioe,-;. Tlie feet felt numb and f-tiff. Tliero was normal mobility of all joints, 
also good mcchanie.s. Tlierc was no tenderne.-s or iniisele .sjvisrn. Il.vpalgesia was limited to tlie feet and 
ankles. Tlie patient made a verv jioor .‘idjusiment to the Arm.\’; ;i diaijno.sis of conversion reaction was 
made by tlic psj-ebiatrist. 

C.\sn 21 — Corporal E. O.S.. aged twenl.v-nine. The patient sprained his riglit ankle in June 1942, 
and in two weeks was able to walk well. Tlicrc were no nnusmd findings; roentgenograms were negative. 
Increasing pain tlicn dcvoloiied in tlie ankle and foot, ami cnitehcs became nccossarj'. Paral.vsis of the 
foot followed. At six difTcrent hospitals the patient received mnny forms of physical tlierapj’, casts, 
splints, and a brace. Plij’sical examination disclosed normal bones nnil joint.s. There was partial flaccid 
parab'sis of (he right leg. Tlic foot was lield in plantar flexion and inversion. TJicro was Il.vpalgesia of 
the rjglit leg, ending sliarply at the knee. TJio patient responded to ps.vcIiothcrnp.v and faradic stimula- 
tion. A ps.ychiatric e.xamination revealed emotional immalnrit.v, conversion reaction, and h.vsterical 
paralysis. 

Case 23 — Private A.J. C., aged twentj'-five. At the ago of nine tlie patient was frightened by a 
razorback hog and incurred a sprained left ankle. Periodical!}' since, during periods of nervous strain, 
there had been disabling pain in the ankle and inabilitj' to stand or rvalk more than brief!}'. The ankle 
was said to feel tense and not under complete control. Tlie left ankle was normal clinicall.v and by 
roentgenogram. Hypalgesia was present in all four extremities and in the scalp. There was no evidence 
that the site of the subjective s.ymptoms dictated this particular distribution of hypalgesia. The patient 
relives his original experience when under emotional stress. 

Case 26 — Private C. M.T., aged twenty-eight. Pain in the right shin, from knee to above ankle, 
was a complaint during activity. The patient described tlie pain as being like pegs driven into his shin. 
He walked with a stiff right knee and a liobbled gait. There was no er'idence of an organic lesion. The 
psychiatric report described a “ceremonial” gait. TJiere were many neurotic traits. Tlie liypalgesia was 
not limited to the right leg, but involved all four extremities. An hysterical spastic paralysis held the 
right knee fixed in extension. 

Case 28 ^Aviation Cadet E. C., aged twenty-four. The patient twdsted his right knee in a broad jump 

and split the right medial meniscus. A bucket-handle type of torn medial meniscus was removed in its 
entirety Convalescence was uneventful and the patient rvas cooperative. Upon return to duty many 
bizarre symptoms appeared in the right knee (numbness, throbbing, tingling, and a sense of “giving 
va ”) Examination of the knee disclosed normal motion and stability, no swelling, and excellent 
way . - nitient was eliminated as a cadet. He improved under reassurance and reassignment. 

disetod a deep-aeatad tear of flyios. 

p 32— Private S.M.G., aged thirty-four. The patient luad hiid frequent episodes of pain in his 

GASE „.y.gQteen years. There was no limitation of motion and no instability. Part of tlie right 
right knee oi removed in 1942 for unhealed Osgood-Sclilatter’s disease. No relief was obtained 
tibial tuberc e w numerous subsequent casts, or from physical therapy. There was never any 

froin the opei , ^ bizarre symptoms. Examination was entirely negative, except for hypal- 

locking of the ime , extremities and most of the head. Further surgery, casts, or physical tlierapy 
gesia, jmve aggravated and further fixed this patient’s con\'ersion reaction. A psychiatric 
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histon indicated that this soldier had made an unsatisfactorj- adjustment to his emironment since 
childhood 

C^SE 41 — Pniate .1 V P , aged l^^cnty-onc A torn medial meniscus i\as removed from the left 
knee after tliiee jears of s^mptoms Comalcscence was une\entful until it was time to return to duty 
Pam, weakness and stiffness in the knee then developed The patient could not keep his knee in one 
position more than a few minutes, because it would “go to sleep” and feel dead He also complained of 
hj perhidrosis and insomnia The patient was reclas-ified and gi\en ground duty Hypalgesia was pres- 
ent, as shown in Figure 2 The soldier had an an\ietj’ state, which subsided after superficial psAcho- 
theraps'. 

Case 44 — Aviation Cadet E W T , aged twentj'-one Three months after remoral of a tom left 
medial meniscus, weakness in tlie left knee suddenly de\ eloped, and the patient was unable to walk 
A locked knee was simulated, and an e\ploration was recommended by the ward officer Examination 
rei ealed diffuse weakness of the entire extremitj' and hypalgesia to the le\ el of the iliac crest Further 
studA disclosed emotional instability, “nen ous spells”, and somnambulism The patient’s father had had 
se\ eral “ner\ ous breakdowns” The knee sj mptoms subsided with psjmhotherapy The soldier was dis- 
charged from Sen ice by ad\ ice of the Ps 3 'chiatnc Section, due to pronounced emotional instability and 
neurotic background 

Case 55— Prnate First Class JEM, aged thirtj'-four (actor) The patient complained of pain in 
the cocejx and in the left side of the back, from sacrum to neck The sj'mptoms had been present for 
si\ j ears, since a fall down se\ eral steps at a motion-picture studio There was frequent tingling and 
numbness of the entire left side of the body Sleep was disturbed, and the patient had no energj'- There 
was left hemiplegic hypalgesia Anxiety S 3 'mptoms and a com ersion reaction were combined in this 
case The patient was a failuie both as an actor and as a soldier, and had a poor capacity for adjustment 
to adult life 

Case 65— Corporal M G , aged thirty-three (musician) Pam m the lower back, radiating down 
both lower extremities posteriorly to the ankles, had been present since a fall during a handball game 
m 1934 The patient had had innumerable types of therapy, except psj-chotherapy Belts and casts 
increased the back pain and produced abdominal pains The patient was tense, “ner\ ous”, and irntable 
most of the time Back pain was precipitated by episodes of “ner\ ousness” He was unable to stand or 
to sit long in any one position Physical examination and loentgenograms of the spine were negatiAe 
Hj palgesia was present m all extremities, as shown m Figure 3 There were numerous neurotic traits, 
dating back to childhood There was no response to psychotherapy 

Case 74— Aa lation Student F A , aged twenty-six Low-back pam developed soon after the patient 
entered the Army, eighteen months prior to Hospital admission The pam radiated “down both the 
bones” of the thighs to the knees He had camptocormia, which became pronounced during hospitaliza- 
tion The condition was treated for sca eral Aveeks as a lumbosacral stram, during which time all sj'mp- 
toms AVere aggraAated Roentgenograms were negatne Hypalgesia was present, as shoAA-n m Figure 3 
There Avas noimal mobility of the spine Response to a brief period of ps>'chotherap3’- was poor 

Case 88 — PriAate C L O , aged eighteen (negro) The patient fell off a cotton bale m 1941, landing 
on his head Xo serious injurj" resulted, but the neck was moderately painful and he experienced a 
lump in the throat” for seAeral daj's He continued to haAe pam and “popping” m his neck, the pains 
AAould radiate up the neck and oAer the top of the head, to end m his ej-es There were frequent epi'-odcs 
of “nerA ousness”, dunng which the globus hystericus would return and the neck pain would reappear 
The patient had constant fatigue, and could do only light work He had been told that he had arthntis, 
and this caused him much AAorr3' Roentgenograms AAcre negatiAe and there was normal mobihtj- of the 
cenical spine The patient had the emotional matuntj of a child Hj'palgesia was present in all four 
extremities, but failed to inA'oh e the neck or anj- part of the head 

Case 93 — AAiation Cadet J A F, aged tAAcntx' The patient had difficulU' with his studies and 
many fears about fljmg He was m a constant state of nen ous tension, gradualb' became exhau-ted, 
and could not sleep An acute anxietj' state suddenlj’ doA eloped, dunng which there Avas diffuse pro- 
nounced AAcakness and aching of the entire left upper extremitj' He complained of a spot on the scalp, 
the size of a sih er dollar, that burned and frequenth- “felt like it AAould explode” There Avas pronounced 
intention tremor of the left upper extremitA There A\as hj palgesia of left upper extremitA, leg- and 
head, as shoAin m Figure 4 Xo orthopaedic or organic neurological abnormalitA wa® found The patient 
AA.is promptb transferred to the PsAchiatnc Section, where he aabs soon rclie\ed of the anxietA =tatc and 
liA btcrical parah =is ba psA-chotherapA' 

Case 98 — PriAatc J X D , aged thirtj -eight The patient complained of pam and weakne— of the 
shoulders arms and entire spine for tAvebe Aoars All sA-niptoms increa=cd during tiAclie mont}i= of 
Arma coraicc He had a permanent Kitchen Police ac'ignment Ten daas pnor to admw-ion to the 
Ho'pital AAhilc jicclmg potatoc', the patient's right hand suddcnla became piralarcd Tlicrc Aans normal 
ingcr and thumb action but all abihtv to extend the avn-t wa^ lo-t Xo orthopaedic or neurologic il 
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l)robloin could lie idcMililicd. Tlio jialionl responded io i)syclu)lli('nii)y. Ills intellectual and emotional 
maturity wore tliusc of a ten-year-(dd child. 


.SUMMAHV ,VXI) COXCLrsiOX.S 

1. There is a ])sycliiairic !isj)eel. to orthopticdic .surgery wliich .should receive in- 
creased recognition. 

2. A i)syc]iosoniatic diagnosis must he nmde on the Ijasis of positive findings, and not 
alone by excluding orgtinic entities. 

3. l^syehogenic museuloskelet td symptoms were found in 1].] per cent, of the patients 
hospitalized in the Orthojiaedie Section. Among patients in the Orthopaedic Out-Patient 
Department, the incidence of psychological disorrlers was over 2/5 per cent. Apjiroximatcly 
1,000 patients with p.sychogenic musculo.skeletal symptoms were studied. 

4. Based uimn the relationship to organic symptoms, three tyjies of psychological: 
j)roblems were ohseri’cd; (1) tho.‘''e occurring without known rclationshij) to an organic ■ 
lesion; (2) those secoiulary to anrl accompanying an organic lesion; and (3) those per- 
petuating symiitoms of a healed organic lesion, leased upon psychiatric symptoms, the 
types scon were: (1) conversion reactions, (2) anxiety states, and (3) psychogenic 
elaboration of organic symptoms. 

o. An abbreviated psychological history was obtained from all patients in whom the 
source of symptoms was obscure and the objective findings were bizarre, 

6. Musculoskeletal pains of uncertain origin should be analyzed in terms of their 
exact character. Neurotic pains frequently include a sense of pressure, tension, or numb- 
ness. Bizarre radiating pains, jiarticularly those radiating from a distal point pro.ximally, 
arc often psychogenic. Psychogenic and organic musculoskeletal sym])toms are compared. 

7. There may be several objective findings to identify a neurosis, or there may be 
none. The findings most often encountered include circumferential hypalgesia, hysterical 
paralysis, coarse intention tremors, and anxiety symirtoms. 

8. In 100 consecutive cases in which conversion reactions included circumferential ' 
hypalgesia, the patterns of hypalgesia arc presented. Ten of the 100 patients had hys- 
terical paralysis. 

9. Sites of neurotic musculoskeletal symptoms are listed, together with some of the 
factors determining these sites. 

10. The scope and use of superficial jisychotherapy are discussed. 
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PATHOMECHANICS OF THE HIP AFTER THE SHELF OPERATION 


BY IGNACIO PONSETI, M.D.. IOWA CITY, IOWA 

From the Department of Orthopaedic Surgery*, 

State Unii’cr.s-ity of loira IfospitaD, loica City 

It has been observed at tins Clinic that many patients with dislocation or subluxation 
of the hip, who have been treated by tbe shelf operation, continue to limp, even if the shelf 
is strong and well built. Tins observation bas been made previously by several authors, 
including Ober and Tberkelsen, but it bas frequently been overlooked. 

The present studj' is based upon sixty-eigbt patients, eleven males and fifty-seven 
females, with dislocation of the hip. Fifty-nine of the dislocations were unilateral and 
nine were bilateral, making a total of seventy-seven dislocated hips on which the shelf 
operation was used in the Orthopaedic Department of the State University of Iowa. 
Thirty-seven dislocations were of the right hip and fortj- were of the left. There were 
sixdy-one congenital dislocations; seven of these were of prenatal origin (Table I. Type A) 
and fifty-four were postnatal (Table I, Types B and Cj. Nine were congenital subluxa- 
tions. Three were subluxations of paralytic origin, and one was a dislocation due to spastic 
paralysis. Three dislocations followed a suppurative arthritis. 

The average follow-up period was seven years, with a minimum of four years and a 
maximum of twenty years. The ages of the patients at the time of operation varied from 
two and one-half years to thirty-six years. 

Of the seventy-seven dislocated hips, fifty-two were dislocated upward — the so-called 
anterior dislocation. Thirteen were posterior dislocations, and twelve were subluxations. 
The small number of posterior dislocations in tins series is due to the policy of the Clinic 
to use a subtrochanteric osteotomy in the treatment of most cases of irreducible posterior 
dislocation. 

In forty-two hips the shelf was built over tbe femoral head, which had been placed 
in the primarj’’ acetabulum. In twenty-three cases the shelf was built with the femoral 
head in a secondarj^ acetabulum. In twelve bips, most of which were dislocated posteriorly, 
the femoral head was completelj^ dislocated and there was no secondarj- acetabulum. 

In twenty-seven patients with redislocation or subluxation of tbe bip, the shelf opera- 
tion was performed from one month to sixteen years after closed reduction. In fifty hips 
it was performed as a primarj^ operation, with or without concomitant closed reduction. 

In five patients the greater trochanter was detached, together with its muscle inser- 
tions, at the time of the shelf operation and was transposed from one to three centimeters 
down over the lateral aspect of the femur. In four of these patients the femoral head was 
reduced into the primary' acetabulum at tbe beginning of tbe operation. In the otiicr 
patient the femoral head was left in the secondaiy acetabulum. 

RESULTS 

Severin’s standards were used to evaluate the anatomical results of tlic shelf ojicration. 
The standards for the functional results are the same as those prcHousIv used liv the 
author.^ 

The anatomical results of treatment are indicated as follows: Group I, wcIl-dcvclopcd 
flip joints; Group II, moderate deformity of the femoral head. neck, or acetabulum in an 
otherwise well-developed joint; Group III. dysplasia, not subluxation: Grouji IV. sub- 
luxation; Group V, femoral bead in a secondaiy acetabulum in tlie upper part of the 
priraaiy acetabulum; Group VI, redislocation. Tbe functional results of treatment are 

• Sen-ice of Arthur Steindlor, MX). 
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TAULK I 

An \TOMic\r, and Ft .notion \i, Hi ^trI,T'^ \ni it .‘>iii i.i Oi-i rition loit Diniocvtio.n op the Hip 

Type of 
Di''iofution 

1 

.\ntitoiniral 

Kosiilts 

Imiiu fional Rc'iills 

S|i( IviriK « nil I rninr.il llc.id in I’rirmrj AccEibultim 

Orniip 4 Group 6 

lamp Limp, 

and Group s lamita- 

Groiip I Group 2 lamita- lamp lion of 

Xo .Sliulit Group 3 lion of and Motion, 

Sjniptoni-, Pain Limp Motion I’ain and Pam 

T\ pe 
PioiuU.il 
(ll'-lot . 1(1011 
(7 lulls) 

21 to 3 .\ e.iia 

1 Well-(le\ elopofl lii]! joint 

II. Modoiate defoiniit.v of liip 

III. Dvsplasia, not suhliiNalion 
n'. SnbluNation 

Hoad in SOI ondai.v aootabuluin 
A’l Podislooalion 

1 

Tyiie H 
Postii.it.il 
disloi.itioii 
(23 hips) 
Patients undci 

0 CiUs 

I 'W'oll-doi oloiK'd liip joint 

II Modt'iato dofoiinit.v of hip 

III. D.vsplasiii, not .siibluN.ition 
n'. .SiibliiNation 

Hoad 111 so( ondai.v acotabiiluin 
AT Podislooation 

1 

2 1 

111 2 

1 1 

3 2 2 

Type C 
Postnatal 
disloeation 
(31 hips) 
Patients o\ ei 
(lyc.iiB 

I WoII-dovoloiicd Iiip joint 

II Modoiato defoiniit.v of liip 

III D.vsplasia, not sublu\a(ion 
lA'. SubluNation 

A'. Hoad in socondai.v atetabiiluni 
AT. Redislocation 

1 

2 3 1 

1 1 

Typo D 
tSubiuNatiou 
(9 hips) 

All patients 

0\ 01 0 

3 'eais 

I AA'oli-dc\ eloped hip joint 

II Modoiato defoiniit.v of hip 

III Dvsplasia, not siibIu\ation 
lA'' SubhiNation 

A^ Hoad in sooondai.v acotabuluin 
A^’I Redislocation 

1 

2 1 

2 2 1 

1 

Type E 
Paialytic 
subluxation 
(3 hips) 

Ovei 10 3 'eais 

III D.vspl.asia, not subluxation 

A^. Hoad in secondaij" acetabulum 

! 

1 

1 1 

Type F 
Spastic 
paialj'sis 
(1 hip) 

11 3'eais 

W. Subluxation 

1 


Type G 
Foiiomng 
suppuiative 
ai thiitis 
(3 hips) 

3 to 8 j^eais 

lA^ Subluxation 

V. Head in secondaiy acetabulum 



5 3 13 13 2 5 

Totals 77 hips 

41 hips * 


* In one hip of this group fusion resulted. 
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TABLE I (conliniied) 


Functional Results 

1 

Shelvini: with Femoral Head in Secondary Acetabulum | 

[ Shelving with Femoral Head in Xo Acetabulum 



Group 4 


Group 6 

1 

Group 4 


Group 6 

1 


Limp 


Limp, 


Limp 


Limp, 



and 

Group s 

Limita- 


and 

Group 5 

Limita- 

/ 

Group I Group 2 

Limita- 

Limp 

tion of 

Group 1 Group 2 

Limita- 

Limp 

tion of 

f 

Xo Sllcht 

Group tion of 

and 
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given tlio following designntions: (Iroiip 1, no syniptonis; (Iroiip 2, slight pain in the hip 
on excessive walking; (Ironp 3, lini]), free inolion, aiui no j)ain; Group 4, limp and limita- 
tion of motion, 1ml no pain; (ironp o, limp and pain; (iron]) (i, limp, limitation of motion, 
and i)ain. 

Telescoping: Before the shelf o])eration was performed, the telescoping sign was not 
present in Ihirleen hi])s, hnt in the remaining sixty-fonr hii)s this sign was observed. In 
fifty-one of the latter group the telescoping di.sappeared completely after the shelf opera- 
tion; in eleven there was marked im])rovement ; and in only one case of jjostcrior disloca- 
tion. in which the shelf became absorbed, did the telescoping persist. 

Trendelenburg Sigti: In four hips the Trendelenl)nrg sign was negative before the 
shelf operation was performed, and continued to be negative thereafter. The Trendelen- 
burg sign was positive in the remaining seventy-three; hips. In eight of these the Tren- 
delenburg became negative from two to six months after the shelf operation and remained 
negative. In three patients tlu're was markeal improvement. In sixty-one hips the Tren- 
delenburg sign continued to be positive. 

Pain: Fifty-one hijis were free of p.ain before the shelf operation and remained pain- 
free aftei’ the ojK’ration. In seven cases there was j^ain in the hiji on admission, which 
disa])])eared after the operation. Four patients eomi)laincfl of pain and obtained no relief 
after the shelf o]mration. Fourteen hips were pain-free before the operation and became 
]minful after it. Of this last grouji, eight patients were over ten years of age, and the 
shelf oi)eration was ]K'rformed after forceful open I’cduclion, following the preoperativc 
application of traction for a few weeks. In two of these patients the acetabular cavity 
was reamed and deepened at the time of the operation, resulting in great stiffness of the 
hip. The other six patients were under ten years of age, but all had posterior dislocations. 

In Table I are shown the anatomical and functional results in the different types of 
dislocation, arranged according to the ago of the patient and the position of the femoral 
head at the time of the shelf operation. Type A includes the dislocations which occurred 
before birth. Type B includes the patients under six years of age who were born with a 
dysplastic hip which showed the signs of prcdislocation. Complete dislocation took place 
during the first months of life. Type C includes postnatal dislocations in patients who 
were OAmr six years of age at the time of the shelf oj^ei’ation. In Type D, or subluxation, 
the femoral head was situated in the ujiper jiortion of a deformed acetabular cavity, but 
was not completely dislocated. The patients in Type E had paralysis of the gluteal 
muscles, and subluxation of the hips occurred because of lack of muscle support. The 
patient in Type F had spastic paralysis with marked spasticity of the adductors; weakness 
of the gluteal muscles resulted in a dislocation of tiie hip. The patients in Type G had 
suppurative arthritis with pathological dislocation of the hip. The final functional results 
in the seventy-seven hips, as compared with the initial symptoms, are shown in Table II. 

Of the thirteen hips dislocated jDosteriorly, it was possible in three instances to per- 
form an open reduction, together with the shelf operation. Two of them resulted in hips 
of anatomical Group III, — one with no symptoms and the other with a slight limp. The 
other hip resulted in Group 4, with limp and limitation of motion. In the i-emaining ten 
cases the shelf operation was performed with the femoral head dislocated, either in a 
secondary acetabulum or in no acetabulum at all. In these cases the functional results 
were poor, except for two cases in which the dislocated femoral head was transposed 
anteriorly at the time of the shelf operation, resulting in slight limp but no pain. 

In two hips the operation resulted in fusion. In one patient with prenatal dislocation, 
two and one-half years old, postoperative infection occurred. The other patient, fifteen 
years old, had a high anterior dislocation; treatment was by open reduction and the shelf 
operation. 

One eight-year-old patient with a postnatal dislocation died of surgical shock a few 
ours after the shelf operation. 
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TABLE II 


Final Functional Rksults or Siiulf Operation in Patients with Different Initial Symptoms 



Final Functional Results 

Symptoms Present 
Before Shelf 
Operation 

Group I 
No 

j Symptoms 

Group 2 
Slight 
Pain 

Group 3 
Limp 

Group 4 
Limp 
and 

Limita- 
tion of 
Motion 

Group s 
Limp 
and 
Pain 

Group 6 
Limp, 
Limita- 
tion of 
Motion, 
and Pain 

Fusion 

Patient 

Deceased 

Group 2 

Slight pain in hip on 
e.Acessive walking 
(3 hips) 


1 




2 



Group 3 

Limp, free motion, 
and no pain 
(66 liips) 

5 

1 

1 

20 

26 

3 

8 

2 

1 

Group 4 

Limp and limitation 
of motion, but 
no pain 
(3 hips) 






3 



Groups 

Limp and pain 
(Ships) 


1 

3 


1 




Totahs: 77 hips 

5 

3 

23 

26 

4 

13 

2 

1 


Four hips redislocated a few months after the shelf operation; three were posterior 
dislocations and the other was an anterior dislocation. In three of these cases the shelf 
became completely absorbed, and in the other case the femoral head was markedly 
anteverted and redislocated anteriorly to the shelf. 


COMMENT 

The results given here and in Tables I and II indicate that all the patients treated by 
the shelf operation, performed with the femoral head situated in a secondarj- acetabulum 
or in no acetabulum, continued to limp. 

Of the fortj'^-two shelf operations performed with the femoral head in the priman.- 
acetabulum, a normal hip joint developed in only one, and in five the final result was a 
moderate deformity of the hip. One hip in a fifteen-year-old patient became fused after 
forceful reduction and a shelf operation. In the remaining thirt3’-five hips the femoral 
head became displaced outwardty after the shelf operation, resulting in dj'splastic hips 
(Group III) Qp subluxations. Frequentlj% however, the femoral head finalh' became 
stabilized in a secondaiy acetabulum .situated somewhat aboA'e the primarj' acetabulum 
and awaj' from the line of gravity. From the functional point of A'iew, in onh' eight 
patients did the limp disappear, — five hips became sjnnptomless and three were onh- 
^ igntty painful on strenuous walking. The remaining thirty-four patients continued to 
'mp, some of them dcA-eloped limitation of motion, and a few had pain. 

After the shelf operation, then, the femoral head became stabilized, cither in the 
prnnarj' acetabulum or in a secondarj' acetabulum; the telescoping disappeared; hut most 
n the patients continued to limp. If the strength of the hip muscles has been preserA-ed 
careful surgerj-, the poor functional results of the shelf operation, performed with the 
'cac placed in the primaiy acetabulum, can onty be explained on the basis that the hip 
" > > a surgicallj' created shelf is mcchanicalh' defecth'e. Xormalh', the hip joint i.= con- 
" [ ' separated from the line of gravity, and consequenth- the graA-ital force.' deter- 

mine a lotatoiy effect upon its center of motion. The rotators.' inoment.s developed ly the 
t'laMtal forces upon any joint are equal to the product of bodj- rveight time.' the [ler- 

'cc. zs, >.0 .vrniL inir. 



234 


KiN'ACIO J’OXSin’I 


pcmUriihiy (Usinncc from Ihc conicr of motion of the joinf (o the line of gravity/ If, after 
a sliclf has been built, (ho confor of luolion of (he liip bocoincs abnormally separated from 
the line of gravity, (he ro(a(ory momon(s ao(ing upon (his hip will be greatly increased. 

In all of (he aiUoi'oposiorior i'oen(genograms of ihese pa(ien(s, measurements were 
made of (he (lerjiendieular dislanee bel ween (he eent('r of (he femoral head and a line drawn 
(through (he longKudinal axis of (he saeruin, which represenis approxima(oly the line of 
giaAi(y. Ibis dis(aneo is (he so-called ^ coordin.ale for (he hi|) join(, and in normal hips 
it "Naiiied fiom /5.o ccui imot ors in a child, two and otw-hnlf year.s old, to 0 centimeters in a 
woman of (wenty-eight. The Y coordinate is slightly larger in females than in males. 
The normal value of (he ^ coordinate of (he center of (he hip joint, according to the 
calculation.'; of Braune and I'ischcr, is S.o centi/ne/ers." In the patients with unilateral 
dislocation in whom the shelf operation produced good anatomical and functional results, 
the coo 2 'dina(e for the hip with a surgically createrl shelf measured the same as, or less 
than 1.2 centimeters more than, (he ^ coordinate for (he normal hip. On the other hand, 
in (he patients with unilateral dislocation who had poor functional results from the shelf 
operation, the ^ coordinate of the shelved hip was from 1 centimeter to as much as 5 


centimeters larger than the \ c(^ordinate of the noianal hip, and the greater this difference, 
the more pronounced was the limp (Figs. 1 and 2). 

In the patients in whom the limp dissaj^pcared after the shelf ojieration, it was noted 
that the femoral head was centrally jilaccd in the primary acetabulum at the time the 
shelf was constructed, and j'emained there during and after the period of immobilization.® 
The shelf in such a hip usually became smaller after a jicriod of walking, and in some 



Fig. 1 

J. R., No. 38-15836. Givi with congenital dislocation of right hip. Shelf operation done when 
patient was seven j'ears of age. Roentgenograms taken at eleven years of ago sliow that the 
Y coordinate of the rjght hip measures 9.5 ceatimetei's, whereas the Y coordinate of the left 
hip measures 6.5 centimeters. Consequently, the Trendelenburg sign is positive on the right 
and negative on the left. Notice tliat the entire riglit iliac bone is deformed. 
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Fig. 2 

H. M., Ko. 38-15654. Girl with bilateral dislocation of hip, treated by bilateral -closed re- 
duction at three and a half years of age. Shelf operation performed on left hip at five years 
of age, because of redislocation. Roentgenograms taken at seven years show that the Y co- 
ordinate measures 7.3 centimeters for the right hip and 8.5 centimeters for the left hip. 
Trendelenburg sign is negative on the right, positive on the left. 


cases it seemed to disappear completely (Fig. 3-D). The Trendelenburg sign became 
negative within from two to six months after the patient began to walk following the 
shelf operation. 

In most cases, however, the shelf was built at the upper end of a sloping acetabular 
roof; and, when the patient started to walk, the femoral head came under the shelf, at a 
somewhat higher level than the normal hip and slightly more separated from the line of 
gravity. Thus the acetabular cavity, with its roof widened by the shelf, pro-vides for the 
femoral head a fulcrum which is mechanically defective, because it is too far separated 
from the line of gravity. 

The passive support offered by a well-built shelf is not enough to maintain the central 
position of the femoral head in the acetabular cavity. The active stabilizing action on 
the hip joint is provided by the hip muscles, mainl}" the gluteus medius. If this muscle 
las been weakened by surgerj"^, followed by a period of immobilization in a cast, the 
emoral head will not remain well centralized in the acetabular cavity when the patient 
cgins to walk, in spite of a well-built shelf. The capsule and ligaments of the hip joint 
must also become shorter to secure complete reduction of the femoral head. 

The hip muscles are not strong enough to neutralize the rotatory effect jiroduccd by 
gravity upon a hip with the femoral head sublu.xated under the shelf, and consequently 
m Trendelenburg sign becomes positive. In the hips where this sign remained positive 
F more than six months, both functional and anatomical results became permanently 
poor. Due to the inability of the glutei to stabilize the new joint, the pelvis tilts toward 
0 opposite side with every step and the femoral head slips somewhat upwartl but mainly 

VOI.. 2S, XO. 
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Ficj. 3-C Fjg. 3-d 

B. B., Xo. 38-15173. Girl witli l)iliUoral (Hslocation of Iiip.s. (rcatocl by closed reduction. 

Fig:. 3-A : Siibluxation of ief( Inp, one month after removal of cast (A])r. 24, 1936). 

Fig. 3-B: Slicif operation performed on left; the femoral head is well centralized in the ace- 
tabular cavity. 

Fig. 3-C: One and one-half yeans after operation. 

Fig. 3-D; Eight years after shelf oiicration. The shelf has disappeared, but the result is good. 
The right liip is subluxated. Trendelenburg sign is negatii'o on the left and slightly positive on 
the right. 

outward, where the slielf is less resistant. The bone of tlie shelf reacts to the intermittent 
pressure of the femoral head by forming new bone, and frequently the shelf not onty 
becomes thicker but also wider in order to house the displaced femoral head. The center 
of motion of the hip becomes more and more separated from the line of gravity; and, 
therefore, the limp will persist, even if the glutei become stronger (Fig. 4-C) . 

The best functional results are seen, not in the hips with a stouter shelf, but in those 
where the femoral head is close to the line of gravity. In patients with bilateral shelf 
operations, it is frequently seen that the Trendelenburg sign and the limp are more marked 
on the side where the femoral head is farther from the line of gravity, even if the shelf is 
well developed, than on the side where the femoral head is closer to the line of gravity, 
even though the shelf may be atrophic or fragmented (Fig. 5) . The aim of treatment for 
hip dislocation, therefore, is not the construction of a big shelf, but the exact centralization 
of the femoral head in the acetabular cavity during and after the period of immobilization. 
For these reasons careful surgery is essential, avoiding damage to the muscles. When the 
cast has been removed after the shelf operation, a period of controlled functional treatment 
with the abduction bar is indicated, as used bj'- the author in the after-treatment of closed 
reduction."^ 

To improve the action of the gluteus medius it has been suggested that the greater 

THC JOURNAL OF BONO AND JOINT SURGERY 


PATHOMKCHANlCfc OP THE HIP \F1ER THE SHELF OPER\TIOX 


237 



Fig. 4-A 


Fig 4-B 



Fig 4-C Fig 4-D 

M , No 3&-15832. Girl with congenital dislocation of nght hip treated bj- closed reduction 
at the age of twent 3 '-one months 

I^ig 4-A. Shows redislocation, three months after removal of cast 

Pig 4-B: Four months after shelf operation The femoral head is not well centered m the 
pnman- acetabulum. 

Fig 4-0 • A j’ear and nine months after the shelf operation (.Apr 10. 1940). The femoral head 
became displaced awa 5 ’ from the Ime of gra\itj- and the shelf reacted bj- becoming thicker and 
wider. 

Fig 4-D Six and one-half j ears after shelf operation The A coordinate measures 9A centi- 
meters for the right hip and 7 centimeters for the left hip Trendelenburg sign is positn e on the 
nght 

trochanter, together with its muscle insertions, be transposed downward over the lateral 
aspect of the shaft of the femur. In five hips of the present scries, this procedure was 
followed, in addition to the shelf operation. In four of these hips the femoral head was 
reduced into the primarj" acetabulum, and the functional result vas poor in all (two of 
Group 4 and two of Group 61. The other hip was dislocated posteriorly and the shelf 
operation was performed with the femoral head in a secondarx' acetabulum: the functional 
result was bad (Group 6) . In neither hip could benefit be attributed to the transposition 
of the gi-eater trochanter. When bone shortening and bone lengthening are performed for 
equalization of the extremities, the muscles adapt themselves to the new situation and 
become structurally shortened or lengthened, corresponding to the approach or separation 
of the points of origin and insertion. Steindler has stated that: "The contracted muscle 
in adapting itself readily to the nev mechanical arrangement becomes a new complete 
mid rational mechanical unit". The transposition of the greater trochanter is thus worth- 
less mid unncccssiii'\’. 

It IS easy to undei stand why the limp persisted in all jiaticnts in vhom tlic shelf vas 
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Iniill ov('i- tlu' fcmonil licad in a acnuidary acctalailiim or in nn acatainiinni. In these 
pa(i(«n(s liu' (•(Miinr of niothm of (lin dislncafcl liip joint wa-^ already beyond the normal 
distanee from the line of .m'avily. 'Diis di.sfanee i.s eertainly not shortened hy the creation 
of a shelf.’ 1 he lorei- of tin' idnlcais Inl'din^ is not slroiiu enough to oppose the great 
lolatory elieet aetinir over this displaeed center of niotit)n; and, eonserpiently, tlicTrendel- 
enlnir^ sipn will rtmuiin positive .and the patient will eontimu' to limp. 

It the liij) is dislocated posteriorly, we have to consider not oidy the rotatory effect 
upon the hip joint in the trontal plane, hnt .also in the s.agiltal plane. The line of gravity 
in the .sagitt.al j)lane norm.ally p.asses through or slightly hehirid the hij) joint. If the center 
of motion of the hip is <lisplace(l backward, the pelvis will tilt not only to the opposite 

side, hnt also forward. Under these 



Fig. 5 

.1. R., Xo. 3S-10SC0. Roentgenogram of an oiglit-.vcar- 
olcl girl with congenital dislocation of the hip.s-, who had 
been treated by bilateral .shelf oiioration at three .vonrs 
of age. The Y coordinate of the right hip is 7 centi- 
meters; that of the left liip is S.3 centimeters. The 
Trend el eiiburg sign is negative on the right, although 
the shelf is fragmented, because the femor.al head is well 
centralized in the acetabular cavity and is close to tiie 
line of gravity. On the left the Trendelenburg sign is 
positive, in spite of a stout slielf, bccauisc (he femoral 
head is away from the line of gra\'ity. 


conditinris n shelf will he n inechan- 
ic.'d f.'iiliirc, unless the femoral head 
ean he redueed into the primary,* 
ncct.ahultim. or at least he transposed 
tinteriorly, thus neutralizing the for- 
ward tilt of tile pelvis. 

i.vmt’.vno.vs sou thk.'^hklfoperatio.v 

In young children with congeni- 
tal disloc.'ttion of the hip treated by 
closed rcfliietion. prolonged and con- 
trolled functional after-treatment by 
menus of the abduction bar has 
.shown that a shelf is not necessary 
to maintain reduction of the femoral 
liead. The development of tlie hif 
muscles before the patient is allowed 
to walk, and the prolonged position- 
ing of the limb in abduction and 
inward rotation haA'c been sufficient 
to maintain the femoral head well 
centralized in the acetabular cavity- 
When this has been accomplished, 
the acetabular roof develops well. 


In children over four years of age, if the closed reduction has failed and an open 
reduction has been carried out successfully, the construction of a shelf may be indicated 
in case the acetabulum is very shallow. One must not rely too much on the shelf. To 
secure a good result, it is essential to place the lower extremity in a position of abduction 
and imvard rotation for three months in a cast, followed by prolonged and well-directed 


functional after-treatment. 

Symptoms are absent or very mild in patients ndth congenital subluxation until adult 
life; then pain, more or less severe on walking, and a mild limp usually develop. The 
pain is usually well controlled by a shelf operation. By giving a bony support to the 
femoral head, the strain on the capsule and ligaments of the hip joint is relieved; and, 
consequently, the pain disappears, although the limp may persist. A shelf operation is 
thus indicated in patients with congenital subluxations after the development of pain on 
walking and a slight limp. The operation is also indicated in a patient with congenital 
dislocation of a hip, reduced in childhood, which becomes subluxated after puberty. 

When the femoral head cannot be reduced into the primary acetabulum, the hip will 
1 1 defective, in spite of a shelf operation. Although the telescoping 

walking diminishes for » cortain period o, ti^e, pain and 
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limitation of motion frequently appear a few years after the shelf operation has been 
performed. Osteo-arthritis of the liip usually accounts for these symptoms. It is the 
experience of this Clinie that, in patients with irreducible dislocations, a well-performed 
Schanz osteotomy, as outlined by INIilch, gives good functional results, because the direc- 
tion of the weight-bearing stresses is changed and approaches the line of gi'ardty, thus 
improving the stability of the pelvis. In adult patients with complete, irreducible dis- 
location of the hip — unilateral or bilateral — a Schanz osteotom}* is mechanicall 5 ' a better 
operation than a shelf operation. 

It must be noted that, if a Schanz osteotomy is performed in a child, the angle of 
osteotomy will slowly diminish and the femur maj' even become completely straight as 
the patient gi'ows. Young patients with irreducible dislocated hips thus present a difficult 
problem. The limp is their only symptom, and this will not disappear after a shelf opera- 
tion. If a Schanz osteotomy is performed, it will probably have to be repeated when the 
patient reaches adult age. Even without treatment, in the patients with irreducible ante- 
rior dislocations a secondaiy acetabulum develops, and usually the femoral head does not 
dislocate farther upward. We believe that these patients should be observed periodically 
until pubertj’ and, if pain occurs at that time, a Schanz osteotomy should be performed. 
Young patients with irreducible posterior dislocations are better treated by a Schanz oste- 
otomy, even before puberty, if the femoral head tends to become more and more displaced 
upward and backward under the iliac wing. If the angle of the osteotomy diminishes, a sec- 
ond operation may be performed after puberty. The anterior transposition of the femoral 
head is a laborious and traumatizing procedure, which cannot always be accomplished. 

Observation of this series indicates that the results obtained by shelf operations after 
forceful reduction of the hip, with or without preoperative traction of the limb, are very 
poor.® Reaming or deepening of the acetabular cavity usuall}' results in stiffness of the 
hip joint. 


SHMMAEY 

Dislocated or subluxated hips became more stable after a shelf operation, and the 
telescoping disappeared. However, the Trendelenburg sign remained positive, and con- 
sequently the limp persisted in all the patients with hip dislocation, treated bj’^ the shelf 
operation with the femoral head in a secondary acetabulum or in no acetabulum. When 
the shelf was built over the femoral head, after it had been placed in the primarj' acetab- 
ulum, the Trendelenburg sign became negative in onty 18 per cent, of the patients. This 
sign remained positive in many patients, because, after the shelf operation, the femoral 
head usually became displaced under the shelf away from the line of gravity of the body. 
When the patient started to walk, the hip muscles were impotent to neutralize the increased 
rotatory effect produced by gravity upon this displaced center of motion. The Trendelen- 
burg sign became negative only when the femoral head remained well centralized in the 
primary acetabulum. In these patients the shelf became smaller or even disappeared. On 
the other hand, in the patients whose Trendelenburg sign continued to be positive, the 
shelf became thicker and wider, due to the intermittent pressure of the displaced femoral 
head against the shelf. 

From these obsenmtions, it was concluded that the aim of treatment for dislocation 
of the hip is not the construction of a big shelf, but the exact and permanent centralization 
of the femoral head in the acetabular cavity. The shelf alone is unable to accomplish this. 
The hip muscles must become strong and the capsule and ligaments of the hip joint must 
shrink to make secure the complete reduction of tlic femoral head. This may be accom- 
plished in young patients by prolonged and well-directed functional after-treatment 
following reduction, with or without a concomitant shelf operation. 

In the author’s e.xpcriencc, the two main indications for the shelf operation are as 
ollows; (11 In children over four years of age with congenital dislocation, reduced by 
voi Aritii. 1 n 4 ('. 
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the open inethod, a shelf may he ei'catcd if (lie acclalndum is shallow; and (2) in patients 
with congenital or paralytic suhluxation, or with suhlnxation of an old reduced congenital 
dislocation, the shelf operation is indicated when pain of static origin and a limp appear, 
usually after ]nd)erty. When reduction of the femoral head cannot he maintained in the 
primary acetahulum, the shelved hip will always he mechanically defective; a Schanz 
osteotomy is indicated in these cases. 
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EARLY SECONDARY CLOSURE FOLLOWING SAUCERIZATION FOR 
CHRONIC INFECTION OF BONE 


A Pkelimixary Report 

BY LIEUTEXAXT COLOXEL GILBERT J. MCKELVEY 
Medical Corps, Artriy oj the L'niled States 

The widely accepted Orr-Trueta, or closed-plaster, technique has been until recently 
the method of choice in treating chronic exogenous osteomyelitis. There are, however, 
•everal undesirable factors associated with this method of treatment, — namely; (11 the 
irolonged period of healing; (2) the stench of the soiled cast and consequent lowering of 
lie patient’s morale; (31 the presence of avascular scar tissue in the healed wound; and 
(4) the loss of essential body fluids. 

The first and third points are of the most significance in the treatment of war 
;asualties. Bed space in Army general hospitals has been limited, and consequently anj”- 
onn of treatment which will decrease a patient’s period of hospitalization is desirable, 
n many cases, there has been extensive loss of bone, which will necessitate bone-grafting 
it a later date. To ensure the optimum opportunity for the eventual success of such 
prafting procedures, one must have a soft-tissue bed which is as vascular and as free from 
scar tissue as possible. This is not afforded bj'^ the closed-plaster method. 

Stimulated by the success of Kellj' and Burgess of the Fifth Service Command in 
severing depressed, granulating, post-saucerization wounds with split-thickness skin 
P’afts, the author began to experiment with earty secondary closure. When a granulating, 
saucerized depression is covered with a split-thickness skin graft, a lined depression re- 
sults. This depression should be obliterated and the edges of the normal skin should be 
ipproxiraated, particularly if further bone surgerj-- is required. It then seemed logical, in 
regions where it was possible, to circumvent this intermediate step and secondarily to 
close the skin edges of the saucerized wound. If this procedure should lie successful, the 
period of hospitalization would be diminished by months and perhaps by years. It was 
assumed that these “dirty” wounds could be closed as satisfactorily as they could be 
grafted. 

This method of treatment is contrarj’^ to many accepted principles of good surgery. 
A septic wound is corapletety closed, without drainage. The assistance derived from the 
use of penicillin and the sulfonamides has been great, but it is almost impossible to 
evaluate accurately the relative importance of these agents and of the surgical procedure. 
One may hazard a guess, however, that the method would have failed had penicillin and 
the sulfonamides not been available. 

The general condition of a patient with a chronic infection of the bone should be 
evaluated upon admission to the hospital. Before a surgical procedure is carried out, the 
patient’s hemoglobin, total proteins, and albumin-globulin ratio must be approximately 
normal. Beginning forty-eight hours before the operation, the patient should lie given 
25,000 units of penicillin systomically everj* three hours, day and night; and one and 
one-half grams of sulfadiazine by mouth every six hours, day and night. On tlie third 
day he is taken to the operating room. A pneumatic tourniquet is applied, if possible, to 
the extremity. ^Material for cultures is taken from the sinus, which is then injected with 
equal parts of methylene blue and hydrogen peroxide, in order that the extent of the 
infected cavity may be delineated. The entire dyed area is widely and meticulously 
.saucerized; great care should be exerted to remove all scar tissue and any overhanginu 
ledges of bone or of soft tissue. The wound is “frosted" with sulfanilamide cprstals. 
One or more lengths of soft rubber tubing, with a lumen of one-eiahth of an inch, are 
inserted into the depth of the wound. The tubing is transfixed to the .skin by a e.'ifgut 

ZS, NO. wmi. TMO 



242 


G. J. MCKICLVEY 


suture. The wound is then packed firmly, but not tiglitly, wilb iine-ineshed plain gauze 
packing, which has a thread count of sixty to the inch. Muslin which has been im- 
pregnated with petrolatum is used to cover the packed wound, and the tubing emerges 
through openings in the muslin. The extremity is encased in plaster, and the tubes are 
brought through the plaster to the surface. The antibiotics arc continued as before 
operation. Penicillin (one cubic centimeter containing 750 units), in quantities of from 
five to fifteen cubic centimeters, is injected into the tubes twice daily. 

On the eighth day after sauccrization, a window is cut in the cast or the cast is 
bivalved. The packing and tubing arc removed. At this time the decision is made as to 
whether the wound will be treated by skin-grafting or by secondary closure. 

The author has found that sauccrized wounds on the arm, forearm, thigh, buttocks, 
or shoulders lend themselves to satisfactory secondary closure, whereas those on the leg 
or foot, or in the region of the elbow or knee, can be treated more satisfactorily by 
skin-grafting. The primar}’- prerequisite of a successful sccondaiy closure is the aA'ail - ' 
ability of adequate soft tissue which can be mobilized sullicicntly to obliterate the 
excavation. The procedure chosen should be carried out, ideally, on the ninth or tenth day 
after saucerization. 

Packing which has been soaked in half-strength Dakin’s solution is inserted in the 
wound after the first dressing. The packing is changed daily, and is finally removed 
in the operating room. 

For secondaiy closure, the skin surrounding the wound is prepared in the routine 
manner. No chemicals are allowed to enter the wound. The skin edges and the granu- 
lating walls of the cavity are resected ; bleeding is controlled with hot saline packs. The 
wound surfaces are “frosted” with sulfanilamide crystals. An effort is made to obliterate 
all dead space, but this is frequently impossible, as the soft tissues cannot be mobilized 
adequately to fill the dead space in the underlying bone. Layers of muscle and of fascia 
are closed with interrupted sutures of fine chromic catgut. The skin is widelj’’ undercut 
to allow closure without tension on the edges. Great care must be taken to obliterate 
any subcutaneous dead space which may be present. The persistence of such a space is 
the commonest cause of incomplete healing and of continued serosanguineous discharge. 
The skin may be closed with absorbable or non-absorbable sutures, at the discretion of 
the operator. 

After secondary closure, the antibiotics are resumed, in doses similar to those given 
before and after saucerization. This medication should be continued for at least one week 
after operation, or longer if local conditions warrant. 

The first postoperative dressing is done on the eighth day, and the degree of healing 
can be evaluated at this time. To be considered “completely healed”, the wound must be 
dry, and must be without drainage, subcutaneous dead space, or skin ulceration. For the 
purposes of this report, a wound was not considered “completelj’' healed” unless it had 
remained so for thirty days after the secondary closure. 

The results in the first fifty cases of secondary closure of post-saucerization wounds, 
performed at Nichols General Hospital, are reported. It will be noted that in a number 
of cases the period between saucerization and secondary closure was prolonged. The 
procedure described in this paper was not instituted until early in March 1945. At that 
time many wounds which had been saucerized several months before and had been 
treated by the closed-plaster method were still unhealed. These wounds were closed 

secondarily. r 

Of the fifty cases, thirty-five, or /O per cent., healed primarily; fifteen, or 30 per cent., 
were classified as incompletely healed. Eiglit of the fifteen were healed one month after 
secondary closure. Therefore, one month after secondary closure, forty-three, or 86 per 
cent of all the closures, were completely healed. Not one of the fifty cases could be ^ 
classified as a complete failure. The poorest case was estimated to have 35 per cent. 
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TABLE I 


Rnsi-i.Ts OiiTAixr.n ritoM SKroxnAiiY Ci-osuiu; Following Saucluization 


Loc.alion 

Total Number 
of Cases 

Healed 

(Xumber) {Percent.) 

Incompletelj’ Healed 
{Number) {Percent.) 

Shoulder 

2 

2 

100 

0 

0 

Upper arm 

10 

10 

100 

0 

0 

Forearm 

9 

7 

77 

2 

23 

Tliigh 

10 

12 

75 

4 

25 

Leg 

1 

0 

0 

1 

100 

Foot and .ankle 

1 

0 

0 

1 

100 

Joint areas 

7 

1 

14 

6 

SO 

Pelvis 

■1 

3 

75 

1 

25 

Totals 

50 

35 

70 

15 

30 


^healing. A number of cases Avhich had been classified as incompletely healed were sec- 
ondarily closed a second time, and complete healing occurred eventual^. 

There is considerable variation in the time which elapsed between saucerization and 
secondary closure. The earliest closure which was attempted after saucerization was 
done in seven days, the latest in 126 days. Both resulted in complete healing. The 
average number of days which elapsed between saucerization and secondary closure was 
27.6. In nineteen, or 38 per cent., of the fifty cases, secondary closure was performed ten 
lays or less after saucerization; in thirty-one, or 62 per cent., closure was delayed for 
Bore than ten days. Of the nineteen wounds which were closed in ten days or less, nine, 
ir 48 per cent., were healed completely at the time of the first dressing; ten, or 52 per cent., 
vere considered unhealed. Twenty-six, or 84 per cent., of the wounds closed in something 
3ver ten days after saucerization healed primarily; five, or 16 per cent., were classified 
as unhealed. When we consider that, in the cases of very early secondary closure, we 
are attempting closure of grossly infected wounds, w'hile in the cases of late secondary 
closure we are practising excision of chronic gi-anulating wounds, the comparison is not 
too striking. The objectives of early closure are to produce healing with a minimum of 
fibrosis and to decrease appreciably the period of hospitalization. A delay of 126 days 
between saucerization and secondary closure certainly fails to accomplish either objective. 
The risk of failure in early secondary closure is obAuously greater than that encountered 
in cases where closure has been postponed unduly. However, the risk is compensated for 
by the relatively high percentage of satisfactory results and the great saving in hospital 
days. 

The anatomical distribution of the cases and the percentages of healing and incom- 
plete healing are shown in Table I. The percentage of complete healing in regions proximal 
to and inA'olving the joints was low, but of the seven cases in which secondarj’^ closure was 
attempted in these areas, all but one are now completely healed. Further surgery will be 
required in this case. 

No extensive bacteriological studies were instituted. A'laterial for culture was taken 
1 om the existing sinus or sinuses at the time of saucerization. Thirty-five per cent, of the 
wounds contained hemolytic Staphylococcus avreiis. Most of the wounds had a super- 
imposed Bacillus proteus infection. Culture material was not taken from the wounds at 
the time of secondary closure. 
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INTERTROCHANTERIC FRACTURES AND FRACTURES OF 
THE NECK OF THE FEMUR 


A Guide and a Method of Pkoceduhe for Accuua'J'E Pj.acement of a Nail 

BY IIEYWOOD II. HOPKINS, jm.d., HOCHESTEK, NEW YORK 

From Lhc Division of Orlliopacdic Surpcrp, I'nivcrsity of Rochester 
School of Medicine and Denhslry, Rochester 

The need for a simple, accurate, and practical guide for nailing hips is obvious. A 
review of the literature reveals many different devices for this puriiose, with most of which 
the orthopaedic surgeon is familiar. 

The guide described here removes the element of luck and affords mechanical efficiency 
in accurately nailing all types of fractures of the femoral neck and intertrochanteric frac- 
tures. When properly applied to the femur, it will permit the accurate introduction of the 
wire and nail at the desired angle in both the anteroiiostcrior and lateral planes. 

The guide consists of a block of stainless steel (18-8), diagonally divided and held in 
one piece with two dowel pins and one set screw (Figs. 1, 2, and 3). This division permits 
proper cleaning after use. The block is roughly two inches wide, three-quarters of an inch 
thick, and two and one-half inches long. There are three flat surfaces, one rounded sur- 
face, and one surface tunneled in V shape, which contains fixation prick pins to be 

applied to the lateral surface of the femur. 
This V-shaped surface is notched for the pur- 
pose of getting accurate alignment on the 
lateral roentgenograms. At the center of one 
notch there is a hardened drill bushing for 
pin transmission. On the opposite side of the 
V-shaped surface there is a drill hole, three- 
sixteenths of an inch in diameter and seven- 
eighths of an inch deep, which receives the 
vertical rod, adjustment screw, and clamp as- 
sembly which hold the block firmly against 
the lateral femoral surface. The rounded 
surface has twelve drill holes, three-thirty-sec- 
onds of an inch in diameter, placed at angles 
of 20 degrees, 30 degrees, 45 degrees, and 55 
degrees. They all converge to a common cen- 
ter at the apex and pass through the drill 
bushing (Fig. 2, 6) . The holes are set three in 
line vertically and four in line horizontally, 
and through them pass four V-shaped notches, 
which afford contrast on the roentgenogram 
and permit proper alignment. The block may 
be used for the right or left side simply by 
turning it over. It is held in position against 
the femur by a clamp assembly (Figs. 4 and 
5), which consists of the following parts: two 
arms, one yoke, and two adjustment screws, — 
a- Shows the block, sighting V at one vertical and one horizontal. 

inS,’ diagonal line where WcK^k ran airplication of this guide is rapid, 

and four small s a . b (^ife, and siiniile. The steps in the procedure 

55 ClG^l’GSS. ’ * 

h- Shows the clamp assembly. pp follows: 

c; Shows a Steinmann pm. 



Fig. 1 
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1. With tlic patient under anaesthesia, the fracture is reduced and the limb is fixed 
in full internal rotation to the foot-jiiecc of the orthopaedic operating table. The rotation 
removes the normal anterior inclination of the femoral neck. 

2. The reduction is checked by means of two portable roentgenogi'aphic machines, 
placed for anteroposterior and lateral views. 



Fig. 2 Fig. 3 

Fig. 2, a: Shows the curved surface of the block, the small sighting V’s, twelve dnll holes, and 
the three-sixteenth-inch dnll liole for the \ertical rod of the clamp, b: Shows the prick pins, center 
drill bushing, the lateial and anteroposterior sighting V’s. and the V-shaped surface. 

Fig. 3, a: Shows a dowel pin, sighting V, and pnek pins, b Sliows two sighting Vs, three prick 
pins, the drill bushing, and set screw to hold block in one piece 



Fig. 4 Fig 5 

Shows guide applied to femur in 
"draro '’V Guide iMre i« in the center 45- Hipenor-mfenor plane, with three 

^ GOle, Math a thread extended over the femoral threads to show angles of center, up- 
nc.icl and neck. per. .and lower hoIe= in the block. 
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3. If the reduction is found to bo satisfactory (Figs. 6-A and 6-B) , the operative site 
is prepared. 

4. An incision, tlirec and one-half to four inches long, is made along the lateral border 
of the femur, extending distally from the greater trochanter. The femur is exposed. 

5. The block is placed in the clamp assembly and the serrated clamps are applied to 
the upper shaft of the femur (Figs. 6-C and 6-D) ; the upper surface of the block should 
be within one-half inch of the lower margin of the greater trochanter. The guide block is 
screwed firmly against the outer cortex of the shaft of the femur; it should be about midway 



Fig. 6-A Fig. 6-B 

Anteroposterior and lateral roentgenograms, showing fracture 
of the right femoral neck, after reduction. 




Fig. 6-C 

Anteroposterior view shows the guide and pin applied 
to the femoral shaft. 


Fig. 6-D 

Lateral view partially shows the 
guide applied to the femur. 
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bctAAGcn til'’ aiitciior and posterior sui faces of tlie shaft and level to the naked ej'e on its 
flat upper surface, — that is, parallel to the flat anterior surface of the femoral shaft. 

6. A nail guitle pin is placed in the center hole of the 43-degree angle 

7. Anteroposterior and latei al films are taken so as to include in the film the guide 
uith the pin. 



Fig 6-E 


Fig 6-F 


Anteroposterior and lateral roentgenograms, showing the guide pm 
extenclmg beyond the line of fracture 



Fig 6-G Fig 6-H 

Anteroposterior new of nail in position selected, Lateral new of nail, with minimum rota- 

at conclusion. tion of femoral head, at conclusion. 
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8. A sight is taken along the pin and the grooved notches in the block on the antero- 
posterior and lateral films, and, with a straight edge on the film, a determination is made 
of the exact hole to he used to place the nail properly. 

9. Using this hole, the guide pin is placed in a hand drill and inserted to the desired 
depth (Figs. 6-E and 6-F). 

10. The block and clamp assembly are removed, but the pin is left in place 

11. With a 0 333-inch cannulated drill over the wire, a hole is cut in the cortex of 
the femur to receive the cannulated nail. With a special ruler, the nail length can be 
estimated or calculated from the known width of the block (two inches) accurately enough 
for all practical pui poses. The distortion is usually about one to four. 

12. The nail is placed on the introducer and driven into the femoral neck (Figs. 6-G 
and 6-H) . 

13. The foot fixation to the table is released, the fracture is impacted, and final 
anteroposterior and lateral films are made. 

14. The guide pin is removed and the wound is closed in laj'ers. 

The following illustrative case is taken from a series of over twenty-five cases in 
vhich the author has used this iirocedure: 

A K , ICo S062, .1 mnniocl liou-cwifc. asod fifty-M\, clipped on an icy dooi-tep and fell on her right 
Inp one hour before admi-son to the Stiong Meinoiial Ho'^pital on Decembei 1. 1945 8he had instan- 
taneous pam in the light hip. i\ith nunibnes' and weakness of the light leg and inability to wralk 

On physical examination, the light leg was found to be ‘Jhoitencd and in a position of external 
rotation There was tendemess o\oi the gieatei tiochantcr .\tteinpts at motion weie painful The 
geneial phjsical ex.amination was othoniisc not lemaikable Roentgenogiams showed a fiactiiie of the 
right femoral neck (Figs 6-1 and 6-J) The patient was a known diabetic, whose disease was legulated 
with insulin 

The patient was subjected to the pioceduie outlined, and the results aie shown in Figuies 6-.A to 
6-J, inclusi\e The postopeiatn e couise has been une\entful to date. 

CONCLUSIONS 

It is not always essential to use a mechanical device for nailing intertiochanteric 
fractures and fractures of the neck of the femur, but with such a method the nail may be 
placed in the desired position with certainty. 

This device eliminates the need for fluoroscopy, which is not universally ax'ailable nor 
entirety without risk. Tlie results are frequently too indistinct to be of much help in large 
or obese patients, and biplane obserx'ation is not possible. 

This guide helps eliminate improper placing of the nail at the time of operation, and 
reduces the time required for nailing the hip. It also reduces the cost for film, because 
fewer exposures are required, and it sax'es time for the roentgenologist. 

By introducing only one guide wire, operatix'e trauma at the site of injurj" is minimal 

The guide remains in a fixed position after it has been applied. 

XoTE The author wishes to thank R Plato Schwaitz, MJD . foi his \ahiable suggestions, and Dr. 
■Kachel Rice for her assistance 
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A SIMPLIFICATION OF BANKART’S CAPSULORRHAPHY 
FOR RECURRENT DISLOCATION OF THE SHOULDER 


Bv co^r^rANI)Kn f. iiakobd downing 
Medical Corps, IJ idled States Naval Reserve 

The anterior capsulorrliapliy of Bankart has proved to be a most satisfactory opera- 
tive procedure for recurrent dislocation of the shoulder, according to the author’s observa- 
tions. Its chief disad\'antage is the technical difficulty encountered in carrying out the 
procedure as described by Bankart, — naincl}', suturing the humeral portion of the shoulder 
capsule to the rim of the glenoid and securing satisfactory fixation of soft tissue to bone. 
By the use of a stainless-steel staple, made from sixteenth-inch Kirschner wire, a special 
instrument for the insertion of this staple, and a special retractor (Fig. 1). the technical 
difficulties of the operative jiroccdure have been overcome. Tlic coracoid process need not’ 
be removed and it is onlj'’ necessary to section the inferior half of the tendinous insertion of 
the subscapularis for adequate exposure. The operative time is practically cut in half, 
and the associated operative trauma is similarly reduced. In fact, one patient was operated 
upon satisfactorily without either section of the subscapularis or opening of the joint 
capsule. 


OPERATIVE TECHNIQUE 

A five-inch incision is made, beginning just above the coracoid process and extending 
downward between the borders of the deltoid and tlie pectoralis major. The cephalic vein 
is located and is retracted laterally with the deltoid. By dissection of the muscle plane, 
the deltoid and the pectoralis major are separated and retracted. The coracoid process is 
located, and into it are inserted the short head of the biceps, the coracobrachialis, and the 
pectoralis minor. With the shoulder in external rotation, the cleavage plane between the 
lateral border of the short head of the biceps and the subscapularis is defined and dissected ; 
the muscles attached to the coracoid process are retracted medially. The distal and inferior 
border of the subscapularis is separated bj'- blunt dissection, and the gloved finger is passed 
along this border to the antero-inferior margin of the glenoid cavity ; by blunt dissection 
with the finger, the muscular attachments of the subscapularis to the antero-inferior por- 
tion of the capsule are freed up to its tendinous in- 
sertion. 

Two No. 2 chromic sutures are then placed 
in the inferior half of the subscapularis tendon, and 
by retraction on these and by placing a large curved 
hemostat under the subscapularis, the tendinous in- 
sertion is defined and is slowly severed with a scal- 
pel. This is a very important step in the procedure; 
unless the muscle fibers of the subscapularis are 
first dissected free from the capsule, as described, 
it is difficult to define the tendinous insertion and 
one may open into the joint capsule at a non-elective 
location. The only open tears the author has seen 
in the capsule have been those caused by the oper- 
ator. When the inferior half of the subscapularis 
tendon has been divided, the special retractor is 
placed so that its bifurcated end rests on the neck 
of the glenoid cavity, and thus about one-half inch 
below the glenoid rim. This holds the subscapularis 
and the muscles attached to the coracoid process 



Fig. 1 

The author’s instruments for capsu- 
lorrhaphy. a: Staple, b: Staple hold- 
er, used for insertion and e.xtraction. 
c;’staple set. d: Retractor. 
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grosses. By the end of six weeks, as a rule, 90 degrees of active aliduction ean be obtained. 
It usually takes from eight to twelve weeks before the normal range of shoulder motion 
is restored. 

RESULTS 

The staple method of ca]isular fixation has been used in twenty-four cases. The first 
patient, a Fireman Third Class, aged twenty-one, was oiici-atcd upon Se]itcmbcr 21, 1943, 
at the United States Naval Plospital, Marc Island, California, and returned to full duty 
in less than eight ivceks. There has been no known recuri’encc in any case. A slight limita- 
tion of external rotation may jiersist, but this has never liccn a cause for complaint. 

The end results and comparative results of the majoi’ ]iortion of this scries are re- 
ported by Myers. 

The author has also fixed the cajisulc to the rim of the glenoid by means of two or 
three stainless-steel nails, according to the method of Toffclmicr, and by the use of a--^ 
vitallium screw; but he jirefers the stajilc. 
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EXPERIENCE WITH CAPSUEORRIIAPHY FOR RECURRENT 
DISLOCATION OF THE SHOULDER 


BY CAPTAIN ORRIS R. MYERS 
Miilicnl Corp'-, I'niliti Slalc.-t Xaval Kcicrvc 

From the I'uilal Ftntc.\ Xavnl Ho’tpilnl, Shoemaker, Calijornin 

Experience in the Armed Forces during the past four years has increased our knowl- 
edge of recurrent dislocations of the shoulder, and lias afforded an excellent opportunity 
to study, analyze, and eYaluatc this particular entity. 

The shoulder joint is a ball-and-socket joint which is subjected to a greater range of 
motion than other anatomical joints. It is held in place bv a capsule, which is supported 
by a musculotendinous cuff throughout its entire girdle, except on the inferior aspect. 

* Neviaser's anatomical description reveals this defect, which has been a pertinent factor 
in the present series of cases. Eyre-Brook has found, from dissections of twenty-one shoul- 
ders, that the superior and inferior glenohumeral ligaments are usually of considerable 
size and strength; and that the anterior cajisulc is always attached to the lip of the glenoid 
cavity and never to the neck of the scapula. This has been demonstrated by injecting 
lipiodol into the shoulder joint. The opening of the subscapular bursa is well away from 
the rim of the glenoid cavity and, therefore, cannot be confused with capsular detachment. 
The glenoid cavity is small and shallow, and onh' one-fourth of the articular surface of 
the humeral head is in contact with it at anj- time. The peripherx' consists of a fibro- 
cartilaginous ring, — the glcnoidal labrum. It is triangular in shape with a base attached 
by a dense fibrous tissue to the bone of the glenoid rim; one surface is in contact with the 
articular cartilage of the humeiTis, and the other is in contact with the capsule. A shallow 
sulcus intervenes — the subscapular recess — which is crossed by superior, middle, and 
inferior glenohumeral ligaments. This reflected fold of the capsule, with the sjmovial 
membrane lining its inner surface, must not be mistaken for detachment of the capsule. 

II hen sufficient trauma has been exerted, the head is forced anteriorlj- or inferiorly 
(subglenoid) over the xmlnerable sector of the glenoid rim, since the remainder of the joint 
IS supported by the intimate union of the tendons of the supraspinatus. infraspinatus, 
teres minor, and subscapularis muscles, and joint opposition can no longer be maintained 
at this point. The capsule is detached, with the fibrocartilaginous ring, or the labium is 
fractm-ed, or both, by the impact of the head of the humeiTis. Not infrequentlj’ the head 
of the humerus itself sustains injurj'. This detachment of fibrocartilaginous tissue with 
associated fracture or damage is difficult to repair and defects persist, whereas capsular 
tears in ordinarj^ dislocations heal promptly. 

II atson- Jones states that two essential features have escaped general observation for 
many years. The first is injurj' to the glenoid fibrocartilage, which is not disclosed by 
routine exposure of the joint and can be displayed only by special dissection. The second 
IS injurj^ to the head of the humerus, which is not x'isible in routine roentgenograms and 
IS shown only in special projections. 

Consequentlj', this detachment of the capsule and labrum, its fracture, the defect in 
m posterolateral sector of the head of the humenis, and the resulting capsular laxitj' 
permit the head to slip easily over the glenoid rim while still remaining intracapsular. 
iis explains the facility with which so many dislocations are reduced by patients them- 
Yes, and the frequency with which indhdduals complain that the joint, although not 
actually dislocated, has “slipped”, “given waj’’”, or momentarily “locked”. 

Bost and Inman liax^e described the pathological changes of erosion, fracture, and 
Get of the glenoid rim. Proof that the two injuries of the head and of the rim were sus- 

ed simultaneously, by the impact of one bone against the other, is seen in the accurate 
of the posterior defect of the head with the defect of the anterior rim of the glenoid. 
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This series represents about 50 per cent, of tlie cases of recurrent dislocation seen on 
the Orthopaedic Service of tliis Iiosi)ital. There were ten juatients with recurrent disloca- 
tion after a Nicola operation, a tenosuspension o])eration, or both, who refused further 
surgery. The remainder of tlie cases were either E.l^.T.E. (existing ])rior to enlistment) 
or the patients refused operation and were discharged from the Armed Forces by a Board 
of Medical Survey. No cases of recurrence following the Bankart ojjcration were seen on 
this Service. Some authorities claim that dislocation will recur, if at all, within one year of 
operation. This has not been borne out by observations on this Service. 

With these facts in mind, it was decided to use an api)roach and a procedure similar 
to those described by Bankart, in order to find a better solution to the problem. 


OPERATIVE TECHNIQUE 

An anterior incision is used, extending from the tip of the coracoid jiroccss distally 
for six inches along the depression or groove lietween the deltoid and the pectoralis major. 
A dissection of the muscle plane is made between the ileltoid and pectoralis muscles, and 
the deltoid is retracted laterallj^ with the ceiihalic vein. Tlie cephalic vein is used as a 
guide to muscle dissection. The short head of the biceps and the coracobrachialis muscles 
are exposed and are freed along the lateral border. No dissection is made along the medial 
plane, except at the coracoid attachment, in order to avoid trauma to vessels and nerves. 
The tip of the coracoid, including its muscle attachment, is excised with a sharp osteo- 
tome. When the attached muscles have been retracted medially, the subscapularis muscle 
comes into view. The inferior border of tJic subscapularis musculotendinous portion is 
exposed. Care should bo used to avoid trauma to the circumflex ^'essels and nerves which 
cross at this level above the teres major. The blunt dissection upward is started at the 
medial axillary foramen. The lower halves of the musculotendinous structures are dis- 
sected from the capsule, with which they are intimately associated at this point. Retract- 
ing sutures of heavy chromic catgut are placed in the medial portion of the cut muscle, 
and also in the tendinous portion near the lesser tuberosity. The muscle portion is re- 
tracted medially and the capsule comes into full view, with the anterior rim of the glenoid 
in the center of the field. Two Allis forceps grasp the capsule one inch apart, just above 
the rim of the glenoid; by a sharp scalpel with an offset blade, a longitudinal incision 
parallel to the rim is made in the capsule. It is imperative that this incision follow the rim 
and that it be no longer than is necessary for exploration and fixation. The joint margin 
is explored and the pathological changes are determined. In all cases the labrum or the 
capsule was found to be detached. Loose fragments of osteochondritic origin, including 
fragments of the labrum, when fractured, arc removed from the joint. With a narrow 
chisel the edge of the rim is cubed to provide a surface of raw bone. 

With the first cases, a harness awl, with a triangular point bent at an angle of 45 
degrees, was used to make the holes from the articular cartilage of the glenoid through 
the bony rim. Mattress sutures of nylon were carried by a short stout needle through 
these holes into the lateral free flap or capsule of the humei’us, approximating it with the 
entire area of denuded rim. The medial scapular flap was plicated over the lateral flap by 
two or three fine silk sutures. In order to get these sutures well placed, an assistant must 
exert backward and outward retraction on the upper arm to get the humeral head away 
from the glenoid cavity and rim. After the sutures are made in the capsule, the head of the 
humerus is allowed to return to the glenoid fossa and is placed in internal rotation. The 
subscapularis is sutured, the coracoid tip is sutured into position, and the wound is closed 
with as few sutures as are necessary for tissue approximation. 

Downing fixed the scapular margin of the cut capsule to the rim of the glenoid by a 
stainless-steel staple made from a Kirschner wire. The lateral edge of the capsule was 
sutured to the fixed scapular edge with mattress sutures, thus everting tlie cut edges of the 
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TAULE II 


Co.Mi’AUATivr. Stuka’ or Cai’sei.k Fixation 


End Re.sull.s 

Caiisule Sutured 
(I’crccnl.) 

Cap.sule Stapled 
(Percent.) 

No functional defect 

73 

62 

Defect of more than 15 jier cent. 

IS 

37 

Discharged to full dutv 

36.5 

41 

Discharged to limited dutv 

27 

12 

Surveyed from Service 

36.5 

47 


capsule and eliminating any intracapsular raw edges of tissue. This resulted in building 
up as well as fixation of the glenoid rim. Downing devised a special instrument for insert- 
ing the staple and for retraeting the subscapularis, and claimed that it was not necessarj' 
to remove the tip of the coracoid or to section the subscapularis completelj’ for adequate 
exposure. By this method, which was used in the later cases of the series, the operative 
time was considerably shortened and the surgical trauma was lessened, although no differ- 
ence could be noted in the end results from those obtained by tbc classical Bankart pro- 
cedure (Table II). 

The patients with posterior dislocations were operated upon, by use of the approach 
described bj’ Rowe and Yce, which gives a very fine exposure of the posterior rim. In each 
of these cases, a detachment of the capsule for a distance of three centimeters was noted, 
and the labrum was fractured; one had a loose fragment attached to the rim by a shred 
of tissue. The first case was treated by suturing the capsule flap to the raw bone edge; 
a dental drill was used for the holes. In the other cases a stainless-steel staple was used to 
fix the lateral or free flap of the capsule to the raw bone rim ; eversion of the edges of the 
capsule was accomplished with mattress sutures. 

In five cases of this series the coracoid tip was not excised. The short biceps and 
coracobrachialis muscles were retracted medially. No difference could be noted in the 
end result (Table I) . 

The first patient selected had A-irtually a flail shoulder, and he could slip the humeral 
head over the anterior or posterior rim of the glenoid at will. He had a posterior as well 
as an anterior subglenoid type of dislocation. The patient had had two previous opera- 
tions, first a Nicola operation and later a Henderson tenosuspension, without correction of 
the disability. A fusion of the shoulder joint had been advised prior to his transfer to this 
Hospital. The classical pathological changes in this case were those that liaA-^e been de- 
scribed by A'arious writers. Interest was further stimulated by the stability of the joint 
following the anterior capsulorrhaphy, so that the posterior procedure also was carried 
out at a later date. The results of these two operations for anterior and posterior repair 
were gratifying. Because of the complications and the perplexing problems, the following 
cases are reported in detail. 


CASE BEPORTS 

Case 1. W.M.K., a white male Seaman, Second Class, aged twenty-four j’eans, was admitted to the 
aited States Na\-al Hospital on July 15, 1944, for treatment and disposition. His original injurj-, in 
. ivas a fall of ten feet from the gangway of a ship, causing a complete subglenoid dislocation of the 
e t shoulder; this necessitated anaesthesia and a difficult manipulation for reduction. Six weeks after 
injury the shoulder became dislocated while the patient was taking a shower. Reduction was made 
Without anaesthesia and a sling was worn for two weeks. Subsequently, the shoulder di.=located fre- 
quently upon throwing the arm forward, or lifting with the arm in abduction and external rotation. 

er several episodes it was noted that internal rotation of the arm and reaching backward would 
cause a posterior slipping of the humeral head. 

In October 1943, a Nicola operation was performed at a Naval hospital. Postoperative recoveiy- 
was uneventful. Atrophj' of the deltoid followed, with iveakness of the shoulder girdle. AVhilc physio- 
icrapy and active motion were being conducted, three months after operation, the shoulder dislocated 
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anteriorl}'. The shoulder joint was very much relaxed, and I he p.alient coulfl apiain .slide (lie humcr.al 
head forward or backward over I lie glenoid rim. He was cv.'icmiled (o a Uniled Stales Naval Ho.spital 
in, the continental United States for dispo.sif ion. In .lamiary lOM, a IIendoi>on tcno.su.sponsion was 
performed at that Hospital by n competent orthopaedic .surgeon. After Ihi.s oi)oralion, the .shoulder felt 
weak and insecure. The jiaticnt stated Ih.af. ho coidd feel no change in (he .shoulder joint, and wlien 
active motion was resumed he noticed the .sjune anterior .and posterior subluxation. For several months 
he received physiothcrap.y and exerci.se without any imjirovement, and w.as .sent to (his IIo.spiial for 
disposition. A shoulder fusion liad prcviou.slj’' been advi.sed. 

Phj’^sical c.xamination re\'ealed a (.all, .slender individual with comj).ara(i\'cly poor muscle develop- 
ment and stooped posture. There wa.s marked atrophy of the left .shoulder girdle, particularly of the 
entire deltoid. There was a well-healed inci.sion, eight centimeters in length, over the anterolateral 
aspect of the shoulder; and a second well-healed incision over the latcr.al a.sjjcct, extending distally from 
the acromion process for from eight to ten centimeters. Anterior elevation and abduction were slow and 
unsteadj”-, with a comparative loss of .“jO per cent. Fxternal and internal rotation were abovit the same 
as on the right, but subluxation of the humeral head occurred anteriorly and posteriori}’, respectively. 
The patient could not lift more than ten or fifteen pounds with the left arm. 

On August 2, 1944, an anterior Bankart operation was performed under gas-o.\ 3 ’gen-ether anaes- 
thesia, using the approach previously described. The operative findings disclosed a redundant thickened 
capsule, which was entirely detached from the glenoid rim oi'cr two thirds of the anterior rim; and a 
fracture of the labrum, with a loose piece three centimeters in length attached to the c.apsule. On the 
superior border of the capsule there was a I'ertical tear, three centimeters in length. The loose fragment 
was I’emoved. The lateral or free flap of the capsule was sutured to the raw bone edge of the glenoid 
rim with nylon sutures. The rent in the capsule was sutured with No. 00 chromic catgut. The coracoid 
tip, with its muscle attachments, was sutured into position and the wound was closed without drainage. 
A Velpeau dressing was applied. Postoperative convalescence was uneventful, and motion was started 
on the twent 3 ’-first da}’. The anterior capsule appeared to be tight, and the head could not be dislocated 
anteriorl}’. However, the humeral head could be displaced posteriori}’ over the posterior glenoid rim. 

On September 8, 1944, a posterior Bankart operation was performed, by use of the posterior approach 
described b}’ Rowe and Yee. The operative findings disclosed a detachment of the capsule from the 
posterior glenoid rim, and a fracture defect three and one-half centimeters in length. The fragment was 
removed, the rim was denuded over the defect, and the free flap of capsule was sutured to the rim with 
nylon and plication of the scapular flap of capsule. The wound was closed in layers. A ■\’’elpeau dressing 
was applied to the arm and a sponge rubber doughnut ring was placed over the posterior aspect of the 
humeral head. The postoperative period was relativel}’ free from pain; the highest temperature was 
100.2 degrees on the second day after operation. There was no drainage from the wounds, which healed 
by first intention. 

Active motion was started on the twenty-first day, using the Codman procedure of circumduction 
and later the shoulder-girdle exercises. 

The patient was hospitalized under treatment for a further period of three months. There remained 
a limitation in external and internal rotation and abduction; the latter was due largely to the atrophy 
of the deltoid which had been present upon admission. Seventy-five per cent, of the normal range of 
motion was present, although the motor power of the entire shoulder girdle was weakened. No recur- 
rence of dislocation or subluxation had taken place when the patient was discharged from the Naval 
Service on January 2, 1945. 

Case 6. D.G. B., a white male Machinist’s Mate, Second Class, aged twenty-seven years, was ad- 
mitted to the United States Naval Hospital on February 4, 1944, for treatment and disposition. His 
original injury was sustained on September 10, 1942, when a dock crane tipped and he was thrown back- 
ward, falling on his extended arm. A subglenoid dislocation occurred with a sliver fracture of the greater 
tuberosity. Reduction was accomplished under anaesthesia, and a sling was worn for three weeks. Sub- 
sequently, the patient stated he had had frequent dislocations, totaling about fifty. On February S, 1944, 
a Nicola operation was performed. No dislocation occurred, but the patient had a limitation of abduc- 
tion and anterior elevation, with pain. He was discharged to limited duty. On July 5, 1944, he slipped, 
and in catching himself, dislocated the shoulder. No anaesthesia was required for reduction. On July 11, 
1944, examination disclosed a loss of 35 degrees in anterior elevation, 25 degrees in abduction, and 10 
degrees in internal and external rotation, with pain. Several dislocations followed. 

On September 27, 1944, a Bankart capsulorrhaphy was performed from the usual approach, including 
section of the coracoid tip and the tendon of the subscapularis muscle. There were dense adhesions with 
extensive oozing, and the muscle planes were difficult to follow. The operative findings revealed a 
T-shaped tear in the anterosuperior portion of the capsule, and a tear of the glenohumeral ligament. 
There was a fracture of the labrum on the inferior border, although the capsule was not detached except 
for a small area at the site of fracture. The biceps tendon was intact but appeared to be stretched. The 
tear in the capsule was sutured with fine chromic catgut. The lateral flap of the capsule was sutured to 
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Fig. 1-A 

Case 29. Roentgenogram taken witli arm in 
abduction. The head is in normal opposition to 
tlio glenoid cavity. 

the raw bone rim with nylon, mattress sutures, and 
plication of the medial flap. For two weeks, dressings 
were performed with the arm on a 45-dcgrco abduc- 
tion splint, and then a sling was worn for three weeks. 

There was ser'ere pain for the first fir'o days. On 
the sixth day the patient’s temperature rose to 102 
degrees and a large hematoma was evacuated from 
the lower end of the incision. Drainage continued 
for a few days and healing was complete at the end 
of three weeks, at which time motion was started. 

Physiotherapy and active motion were continued. 

On October 30, 1944, the patient was transferred 
» to a convalescent hospital. On ISTovember 20, 1944, 
while he was receiving phj'siotherapj' and manipula- 
tion, the lower end of the wound opened and fresh 
bleeding occurred. The wound again healed, after a 
slight serous drainage for three weeks. Motion at 
that time showed a loss of 10 degrees of external ro- 
tation, 30 degrees of abduction, 70 degrees of anterior 
elevation, and a 10 per cent, limitation of circum- 
duction. Physiotherapy was continued; improve- 
ment followed. There was considerable pain in the 
extremes of all motions. 

The patient was discharged from the Service in March 1945, with a range of motion which was 
about 90 per cent, of normal, but which was painful in abduction and external rotation. There was some 
® Old of the operative scar, for which roentgenotherapy was given prior to discharge from the Hospital. 

C.ASE 29. C.R.P.. a white male Corporal in the United States Marine Corps, aged twenty years, 
^as adrnitted to the United States Isaval Hospital on July 18, 1945, for treatment of recurrent dislocation 
o the right shoulder. His first injury was sustained in 1940, while he was plajdng football. The disloca- 
tion was reduced without anaesthesia by a doctor at the athletic field. There was no recurrence until a 
second injury occurred in 1943, when the patient fell from the tail gate of a moidng truck. His disloca- 
***i!i a hospital corpsman without anaesthesia. The description given was a posterior 

luxation; both injuries occurred while the arm was internally rotated and abducted. Since the injury 
m 1943, the patient had noticed a relaxation of the joint, and he could subluxate the humeral head over 
the posterior glenoid rim at will. 

of revealed a well-developed, slender individual with no unusual joint relaxation except 

o e right shoulder. There was a full range of scapulohumeral motion of the right shoulder, and the 
patient could demonstrate a posterior subluxation of the head by internal rotation and abduction of 
» e arm. The head could be palpated while sliding over the rim; this was verified bv fluoroscope and 
oy roentgenogram (Figs. 1-A and 1-B). 


Fig. 1-B 

Roentgenogram taken iidth arm in abduction 
and internal rotation. This position produces 
posterior subluxation of the humeral head over 
the rim of the glenoid. Note relaxation of the 
capsule to permit the wide joint space, and the 
increased space between acromion and greater 
tuberosit 3 -. 



Fig. 1-C 

Roentgenogram three weeks after operation, 
showing staple in posterior rim of glenoid, and 
humeral head in normal relation to glenoid. 
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On August, 2S, 19'15, a Bankart, c’ai)suIon'Iiai)liy was iiorfornird, witli tlio po.sforior aiijiroarli. Opera- 
tive finding.s di.sclosed !i detaclind cajisuk' and a fracture of the lal)runi and rim. on llie i)o.sfcrior .sector. 
The scapular edge of tlio cut cai).sule was stapled to (he posterior glenoitl rim, aiul (he humeral edge of 
the capsule was plicated over this and .sutured with chromic ciilgut. liccovery was uneventful. Motion 
was started on the twenty-first d.ay, and consisted of jihysiolhei’ap^' and active e.x'ercises. Scvcnt 3 ’-fivc 
per cent, of motion was inescnt, (Fig. 1-C). 

Examination on October 4, 1945, revealed a well-healed scar over the posterior aspect of the .shoul- 
der joint, with slight deltoid atrojiliy. lilxtension and flexion wei'e the .same as on (he left. Abduction 
was equal to that on the left. Anterior ele\-.'ition w.as 15 degrees le.ss than on (ho loft. Infernal rotation 
had a few degrees of limitation. External rotation was almost e((ual to (hat on (he loft. With the arm 
in internal rotation and abduction, the head could l)c subluxiitcd or sliirjied o\'er the ]iostcrior rim. 
There was slight weakness in the muscle jjower of the shoulder girdle. The range of motion was 95 per 
cent, of normal. The patient will bo discharged to duty. 

A VeliDeau dressing was used in all cases, and the uppei' arm was secured to the body 
for a period of foiu'teen days to prevent extei-nal i-otation and abduction. The patients 
were permitted bathroom privileges after five days, and wei'o confined to the ward for ten- 
days. A'lotion was started about the twenty-fii’st da,y, and only a sling was used. Circum- 
duction, in the manner described Iw Codman for posto])erative shoulder cases, was started 
at this time. Cai’efully supei’vised plij’^siothei-apj’- was used on all patients until a maxi- 
mum range of motion was obtained. 

All patients had sufficiently recovered to be dischai-gcd from the hospital at the end 
of from ten to fourteen days, but militaiy i-outine necessitated hospitalization until they 
were fit for duty. Twenty-seven of these patients could have i-eturned to light duty at the 
end of four weeks, or could have returned to office work after fourteen days. No limited 
duty was available at the time of convalescence for most of these patients; consequently, 
the period of disability is of no value statistically. 

Trauma was found to be a very definite factor in this series; trauma from accident or 
injury occurred in twenty-nine cases, or 97 per cent. Repeated accidents or traumata 
were found in 50 per cent, of the cases. The one epileptic could not recall any accident; 
the first dislocation occurred during an attack of petit mal. 

The dislocations were predominantly of the anterior and subglenoid type; there were 
six cases of each, and fourteen cases which combined the two types. Four were posterior, 
and one of these combined all three types. 

The pathological findings were conclusiAm : all of the cases had a detachment of the 
capsule from the rim at the site of the fracture or defect. There were twenty-one cases, 
or 73 per cent., with a fracture of the labj'um. Fifteen cases presented osteochondritic or 
degenerative changes of the humeral head, with a typical osteochondritis dissecans, one 
centimeter in diameter, lying in the joint cavity. Eight cases had a definite notch defect 
in the rim, demonstrable by roentgenogram. Only one case with a defect of posterior 
notching of the humeral head was noted. One case had a hatchet-shaped deformity of the 
head, attributed to a fracture sustained several years prior to operation. 

In four cases dislocation had recurred after the Nicola operation; one of the patients 
had had a tenosuspension operation after the Nicola operation, with recurrence. Three 
cases had definite tears or defects in the superior border of the capsule, involving the 
musculotendinous cuff, as described by McLaughlin. 

CONCLUSIONS 

Inasmuch as approximately sixty different operations have been devised for the treat- 
ment of recurrent dislocation of the shoulder, each productive of a degree of success, it 
would appear that to date there has been no wholly dependable operation for complete 
cure of this malady. 

The present series would indicate that we must attack the site of pathological changes 
in order to procure a more satisfactory result, and since the changes seem to be constant 
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in the capsule and tlic joint cavity, a method of eapsulorrhaphy would be the most logical 
therapeutic measure. 

Compensatory muscle, tendon, or fascial sui)port has not been found adequate in these 
cases, nor has their plastie repair or substitution been sufficient. 

This method of capsulorrhajiliy causes no intra-articular damage, the joint cawlty 
remains intact with no more trauma than is produced by the arthrotomy, and the repair 
is made at the site of trauma with an attempt to overcome the insufficieney of the glenoid 
cavity. 

The incidence of recurrence must be evaluated after a period of years, rather than of 
months, in order to determine the final proof of any one procedure. Eighteen months with- 
out recurrence has been the longest period of observation made by the author. 
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ROTATION OSTEOTOMY 

A Method Employed in Cases of Congenital Club-Foot 

BY RAGNAR MAGNUSSON, M.D., LUND, SWEDEN 
From the Orthopaedic Clinic, Lund 

In the newborn, there is normally an inward rotation of the foot, which may be 
measured by the angle formed by the transverse axes of the ankle joint and the knee 
joint. The inward rotation in the newborn is normally considered to be 10 degrees. A con- 
tinuous outward rotation of the foot usually takes place during growth, so that the two 
axes are parallel at the age of ten. In adults, the axis of the ankle joint is rotated 23 degrees 
outward in relation to that of the knee joint.'”’ 

It is a well-known fact that inward rotation is increased in most patients with con- 
genital club-foot. This increased inward rotation must be considered a “normal” com- 
ponent in the type of foot deformity which is called talipes equinovarus congenitalis. 
The inward rotation in congenital club-foot is reported to be as much as 40 degrees or 
more. 

Compared with the other faulty positions which make up the deformity called club- 
foot (talipes varus, talipes adductus, and talipes equinus) , the increased inward rotation 
and its treatment have not attracted much interest. This may be ascribed partly to the 
fact that an inward rotation is not so conspicuous as other faulty positions, and partly 
to the circumstance that this deformity may have been considered less important from 
the point of view of therapy and prognosis than the equinus, varus, and adductus de- 
formities. Even if the last-mentioned point of view may seem warranted to a certain 
extent, an increased inward rotation cannot be considered entirely unimportant. If it 
remains after the other deformities have been corrected, the patient will propel his foot 
over its lateral border when walking. In the last phase of a step, the foot is thus forced 
into varus position. This entails a bad gait and a risk of recurrence of a varus deformity 
which had been well corrected ; and in these cases, this is a considerable risk. In patients 
with remaining inward rotation of the foot, especially where this rotation is great, the 
peroneal muscles are lengthened and the anterior tibial muscle is shortened; a state of 
contraction in the anterior tibial muscle, resulting in an increased varus tendency, may 
thus easily be produced. 

The treatment of increased inward rotation may be either conservative or operative. 

Conservative treatment is carried out either as a part of the plaster correction of the 
equinovarus position, or, later, by means of mechanical devices. A number of such ap- 
paratus, more or less complicated, have been constructed.® The method employing the 
spiral bar constructed by Heusner is in most general use today.’^® 

Several methods have been suggested for operative correction of inward rotation. All 
of these methods recommend a transverse osteotomy of the tibia at its lower in 

most cases followed by transverse osteotomy or osteoclasis of the fibula at the same level. 
Some authors have performed osteotomy of the tibia only. Others have proposed either 
a transverse osteotomy at the middle of the tibia without osteotomy of the fibula,-’ or 
osteotomy of the lower part of the femur.® Stirling describes a method with oblique 
osteotomy at the middle of the tibia, while the fibula is left intact. After the osteotomy, 
the inward rotation is corrected, and plaster is applied from the toes to the groin. The 
plaster is kept in position for from four to six weeks. 

There are certain disadvantages to all of these operations. If the operation is limited 
to osteotomy of the tibia, an inward rotation cannot be entirely corrected. The medial 
malleolus rotates with the distal end of the tibia, while the lateral malleolus remains un- 
changed. For this reason, the joint surfaces of the malleoli are no longer congruent with 
the joint surfaces of the lateral and medial part of the astragalus. This may limit move- 
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ment of the ankle joint, and increases the risk of recurrence. Similar results are obtained 
in patients in M’hom osteoclasis of the fibula has been performed, in addition to osteotomy 
of the tibia. 

Where osteotomy or even resection of the fibula has been done at the same level as 
osteotomy of the tibia, it is possible to produce a real derolation. There is, however, a 
risk that a faulty position at the site of the osteotomy ma}' be obtained, coincident with 
correction of the inward rotation. 

In order to eliminate the difficulties mentioned, the following method for performing 
rotation osteotomies has been employed by the author since 1940. So far as is known, this 
method has not been described. The operations have been carried out at the Vanforeanstalt 
in Gothenburg and at the Orthopaedic Clinic in Lund. 

A transverse osteotomy is made subperiosteally within the lower third of the tibia. 
Then an oblique osteotomy of the fibula is made within its upper third. In order to avoid 
injuring the peroneal nerve, the osteotomy should not be too close to the neck of the fibula. 
The incision is best made over the anterior intermuscular septum which dhides the extensor 
digitorum longus from the peroneal muscles. The incision should then continue behind 
the septum, as this is the best way of reaching the fibula. At this level the superficial 
peroneal nerve runs along the short peroneal muscle, but it is not difficult to avoid. The 
osteotomy of the fibula should also be made subperiosteally, and care should be taken to 
ascertain that the periosteum is well elevated from the back of the fibula to prevent a 
lesion of the posterior fibular arterj’. As a matter of fact, the posterior tibial arteiy maA' 
sometimes be missing or run along the back of the tibia as an unimportant vessel, and in 
such cases the posterior fibular arterj' has to carrj' the whole burden of supplying the 
vascular area of the tibial arterj". After the osteotomy, a full-length leg cast is applied 
and maintained for six weeks. 

This operative procedure affords the following advantages: (1) The risk of faulty 
positions in the tibial osteotomy is practically eliminated, as the fibula, untouched in its 
lower part, serves as a stabilizer. (2) A real derotation of the foot can be performed with 
maintained congruence between the joint surfaces of the malleoli and the sides of the 
astragalus. (3) It is easier for the surgeon to control the derotation by this method than 
by other methods. The correction is easily made, and no ^^olence is necessary- even in 
patients with verj*^ high degrees of inward rotation. The degree of correction is easilj* 
adjusted to the demands in the indhidual case. 

At the Vanforeanstalt in Gothenburg and at the Orthopaedic Clinic in Lund, the 
writer has performed seventeen rotation osteotomies on thirteen patients, according to 
tliis method, since 1940. Of these patients, eight have been obseiwed for from two to two 
and a half years, and five for from three to four j'ears following operation. No recmrence 
of inward rotation has taken place, and the position of the feet has been verj- good in 
all cases. 

Rotation osteotomy is indicated principally in cases in which the equinus, varus, and 
adductus deformities have already been corrected ; but where, in spite of this, an increased 
inward rotation remains, so that the patient propels his foot over its lateral border. This 
also implies that rotation osteotomy should be resorted to onlj^ when the correction pos- 
sible by conservative treatment has been completed, and after other operative measures, 
such as achillotenotomy, have been undertaken. 

Note: The author rvishes to thank H. Camitz, RID., Chief of the Vanforeanstalt, Gothenburg, and 
Gunnar Wiberg, RID., Chief of the Orthopaedic Clinic, Lund, for placing this material at his disposal. 
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DEFORMITIES FOLLOWING SURGICAL EPIPHYSEAL ARREST 


BY .TOSErn M. REGAN, M.D., ROCHESTER, MINNESOTA 
AND 

CARE C. CHATTERTON, M.D., ST. PAUL, MINNESOTA 

Frot» the Mayo Foundntion, Rochester, 
nod the Gillette State Hospital jor Crippled Children, St. Paul 

Reports on lengthening and other methods of equalizing the length of the lower ex- 
tremities when discrepaneies occur after infections, trauma, congenital deformities, and 
paralyses in children stimulated Phalen and Chatterton to review their cases at the 
Gillette State Hospital in which operations for lengthening and shortening the lower 
e.xtremities had been performed. The authors have undertaken a review of the cases of 
epiphyseal arrest for unequal limb length, because of a number of deformities which were 
observed in the Out-Patient CTinic of the same Hospital in patients who had undergone 
this surgical arrest of gi'owth in the lower extremities. 

EQUALIZATION OF LENGTH OF THE LOWER EXTREMITIES 

Discrepancy in the length of the lower extremities may become a disability severe 
enough to warrant surgical intervention, depending upon the amount of difference in the 
length of the two limbs. In differences of one inch (2.5 centimeters) or less, compensatorj' 
motion of the pelvis and spinal column usually takes care of the discrepancy. Shortening 
of a limb of more than one inch usually leads to excessive tilting and curvature of the 
spinal column, with resultant muscular fatigue and symptoms of^ strain. Furthermore, 
the psychic effect of a short limb and conspicuous appliances, such as lifts or pattens on 
the shoe, usually prompts either the patient or his parents to seek relief for the condition. 

Inequality in limb length may be caused either by retarded gi’owth or by increased 
gi’owth in the extremity. Loss of bone substance following accidents may also terminate 
in limbs of unequal length. The growth of bone maj' be altered by various diseases of 
bone, such as rickets and acute and chronic infections in or about the metaph 5 ’-sis. Trauma, 
the action of various endocrine glands, and various affections of the nervous S 5 'stem maj’^ 
also alter the structural growth of bones. Congenital deformities of bones and joints, as 
well as benign bone tumors and acquired or congenital vascular conditions, may be factors 
in producing inequality of growing bones. 

One of the most common types of overgrowth in bone is that resulting from chronic 
osteomyelitis in the juxta-epiphyseal region of the long bones, even without actual inva- 
sion of the epiphyseal cartilage itself. It has been noted by many observers that retarda- 
tion, rather than stimulation, of growth of epiphyseal cartilage usually results from 
minimum trauma or epiphyseal invasion by avirulent micro-organisms. 

Attempts have been made to equalize the length of extremities, while gi-owth is still 
in progress, by stimulation as well as by retardation. Although Y'ilson and Thompson 
have reviewed the literature and have given an excellent critical analj^sis of the methods 
available to equalize limb lengths, a few notes as to the historical backgi'ound may be 
necessary. 

As early as 1867, Ollier observed that irritation of the shaft of a growing bone 
resulted in an increase in the rate of gi-owth. 

After sympathectomy, which had been done primarity to enhance the blood supply 
to the limbs, Harris noted an increase in the growth of extremities which were parah'zed 
following acute poliomjmlitis and showed variations in the vasomotor supply, manifested 
by coldness, changes in color, and paraesthesia. The epiphyseal growth was stimulated 
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TABLE I 

Etiology of DiscnEPANciES in the Length of the Lower Extremities 


Etiological Factor 

Number 
of Cases 

Anterior poliomyelitis 

24 

Congenital shortening 

3 

Septic arthritis 

Hip 

1 

Ankle 

1 

“Infectious process involving epiph 3 'sis of knee” 

1 

Spina bifida 

1 

Tuberculosis 

Hip 

1 

Knee 

1 

Epiph 3 ^siolysis of hip 

1 

Chronic osteomyelitis with overgrowth 

2 

Total 

36 


with the increase in circulation to the extremity. Wilson and Thompson, in a later report, 
found that the increase in rate of growth was too slight and too inconstant to justify 
recommending sympathectomy as a method of equalizing limb length. 

Brooks and Hillstrom have shown that growth of the cartilage cells of the epiphyses 
can be delayed or completely inhibited by exposure to roentgen rays. Clinically, however, 
serious damage to the articular structures seems almost inevitable. 

It remained for Phemister to report a method of attempting the limitation of growth 
of the longitudinal bone by surgically disrupting the growing epiphyses of the longer limb 
when unilateral shortening or lengthening had occurred. 

The decision as to when the arrest should be performed is more difficult than the 
actual technique of operative procedure. Also, the epiphyses to be fused must be con- 
sidered. It is possible to produce overshortening in the extremity upon which operation is 
performed, since the epiphyses of the short limb may still produce sufficient growth, al- 
though it has been diminished, to overtake the extremity which has been arrested to too 
great an extent. Straub, Thompson, and Wilson have recorded such a case. 

Digby determined the average proportional growth at various epiphyseal lines, and 
his calculations are used by many surgeons in determining their operative sites. Certain 
complicated methods have been propounded for determining the optimum age for opera- 
tion and the sites for fusion. 

White and Stubbins stated that, regardless of the age and size of the growing patient, 
arrest of growth of the distal femoral epiphysis retards growth at the rate of three-eighths 
of an inch (1 centimeter) a year, while arrest at the proximal end of the tibia (and of the 
fibula) retards growth one-quarter inch (0.6 centimeter) a year. They also mentioned an 
important item, — namely, that epiphyseal growth ceases in girls at sixteen years of age 
and in boys one year later. They recommended that epiphyseal arrest be performed in 
children at the age of ten or twelve years, if there is a shortening of more than two inches 
(6 centimeters), so that by the time growth ceases, approximate equalization can be 

expected. 

Wilson and Thompson stated that, if only a moderate retardation of growth seems 
indicated, the decision as to whether epiphyseal arrest should be performed above or 
below the knee depends on whether the shortening in the opposite extremity is greater in 

the thigh or in the leg. • v i. i u 

Objections to epiphyseal arrest, as to some other methods of equalizing limb length, 

arise because of the necessity of surgically attacking the uninvolved extremity and. in so 
doing, subjecting it to the possible risks attendant upon any surgical procedure. 
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TABLE II 

Data on Thiuty-Six Cases of Surgical Epiphyseal Arrest 



Age at Time 

Di.^crepancy at 

Length of 

Discrepancy at 

Bonos in Which 

of Arrest 

Time of .\rrest 

Follow-up 

Time.of Follow-up 

Epiphyses Wore Arrested 

( Years) 

(Inches) 

(Years) 

(Inches) 

Males 

Femur, tibia, and fibula (Case 1) 

11 

IVi 

4 

% (Deformit 3 ') 

Femur, tibia, and fibula (Case 4) 

14 

1% 

3 

% (Deformit}') 

Femur, tibia, and fibula 

14 

3 

2 


Femur 

12 

1% 

2 

1% 

Tibia and fibula 

13 

2 

1 

% 

Femur, tibia, and fibula 

13 

2>^ 

1 


Femur, tibia, and fibula 

13 

IVi 

1 

1 % 

Tibia and fibula 

12 

2 

1 

1 % 

Femur, tibia, and fibula 

13 

2V^ 

1 

% 

Femur, tibia, and fibula 

15 

21/2 

1 

2 % 

Femur, tibia, and fibula 

12 

4 

1 

SVi 

Tibia and fibula 

13 

1 

1 

V2 

Tibia and fibula 

13 

IV2 

1 

% 

Femur, tibia, and fibula (Case 2) 

11 

1% 

1 

V2 (Deformity) 

Tibia and fibula (Case 3) 

11 

11/4 

1 

1 (Deformity) 


Females 


Femur, tibia, and fibula 

13 

1 

8 

1 

Femur, tibia, and fibula 

10 

2% 

7 

2 

Femur, tibia, and fibula 

12 

2 

7 

V2 

Equal 

Femur, tibia, and fibula 

13 

2 

7 

Femur, tibia, and fibula 

13 

2 

6 

IV2 

Tibia and fibula 

12 

2 

4 

2 

Femur, tibia, and fibula 

10 

2% 

4 

3% 

Femur, tibia, and fibula 

12 

2 

3 

iVi 

Femur 

11 

ZV2 

3 

214 

Femur 

10 

2 

3 

% 

Femur 

10 

1% 

3 

% 

Femur 

10 

1% 

3 

% 

Femur, tibia, and fibula 

12 

IV2 

1 

1% 

Femur 

12 

VA 

1 

114 

Femur, tibia, and fibula 

14 

1% 

1 

1 

Femur, tibia, and fibula 

13 

1 

1 

1 

Tibia and fibula 

10 

Wi 

1 

114 

Tibia and fibula 

10 

1 

1 

% 

Femur, tibia, and fibula 

11 

2 Vi 

1 

2 

Tibia and fibula 

12 

IVi 

1 

1 

Femur, tibia, and fibula 

11 

2 Vi 

1 

1% 


POSTOPERATIY'E DEFORMITIES 

Deformities attributable to surgical epiphyseal arrest are apparently not common. 
Compere reported more than 100 cases of epiphyseodesis of the lower extremity, without 
complications. In a rcAdew of sixty-six cases of surgical arrest in the lower extremity, 
Steindler found no deformities attributable to the epiphyseal fusion. Campbell men- 
tioned the possibility of asymmetrical fusion with subsequent deformit}' (genu varum, 
genu valgum, or genu recur\mtum) . He had obseiwed two cases of slight genu valgum 
following arrest, in which the deformity was not enough to warrant surgical correction. 
In another case, definite genu recurrmtum developed three years after arrest by the 
Phemister method. Wilson and Thompson stated that, although late deformities had not 
been reported, they had observed three cases in which operation was performed according 
to the Phemister technique, and in which there developed disalignment at the knee suffi- 
cient to warrant operative correction. Straub, Thompson, and W ilson, in a recent studj’ 
of their cases of epiphyseal arrest, found that deformities resulting from unequal arrest 
constitute a serious hazard. Deformities usualh' developed within a year after operation. 
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Of eighiy-ninc patients upon whom epii^hyscoclcsis was done, fifteen showed deformities. 
Eight deformities were severe enougli to wai-rant corrective operation. In seven of these 
fifteen cases the type of deformity was genu valgum, in six it was genu varum, in one it 
was varus of the lower femoral segment and valgus of the upper til)ial segment, and in 
one case the deformity was not recorded. 

Campbell explained the development of genu valgum on the basis of technical error, 
since the approach to the lateral surface of the tibial epiphysis is more difficult than the 
approach to the medial surface, and the tendency is for tlie surgeon to ai-rest the antero- 
lateral part of the epiphysis 2 'athor than the lateral ]K)rtion. In the case of genu recurvatum 
following arrest, which he mentioned, only the anterior part of the epiphysis of the tibia 
was arrested and the posterior part continued to grow, resulting in an anterior tilting of 
the articular surface of the tibia. Straub, Thompson, and AVilson believed that the de- 
formities they noted resulted from faulty technique, especially in the preparation and 
placing of the bone grafts. In their ojjinion, contributoj'y factoj-s in the production of de- 
formities may be the lack of plastcr-of-Paris immobilization and too early weight-bearing. 


IIB\UEW OF CA.SES 

This report includes all surgical epiphyseal arrests performed from June 1, 1933, to 
December 31, 1943, inclusive, which afforded a postoperative check-up of at least one year 
prior to December 31, 1944. During this period of ten years and seven months, a total of 
thirty-six patients underwent operation for epiphyseal arrest for inequalities of limb length. 
The etiological factors responsible for discrepancies in the length of the lower extremities 
in this series (Table I) seem to coincide with those observed by other writers. Tabulations 
were made of the sex, epiphyses arrested, age at time of operation, amount of discrepancy 
in length of limbs at the time of operation and at the time of follow-up, and length of 
follow-up period (Table II). It is obAuous that in some instances equalization did not 
occur, yet the procedure arrested progressive discrepancy. Deformities following arrest 



Fig. 1-A Fig. 1-B Fig. 1-C 

Lower extremities in Case 1. 

Fi*^. 1-A: Before arrest. Note aiiparently equal length; there was compensatory tilting of 
the pelvis, which is not shown. 

Fig. 1-B: One year and six months after arrest. Note increasing valgus deformity of the 
left knee. 

Fig. 1-C: Four years after arrest. 
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November 1940 June 1944 

Fig. 1-D Fig. 1-E 

Anteroposterior roentgenograms of tlie left knee. Compare the deformities of the bone with those 
shown in Figs. 1-A and 1-C. In Fig. 1-E only the lateral portion of the tibial epiphj’sis has fused; 
the medial part is apparently growing. 

and directly attributable to the procedure occurred only in males in this series; this fact, 
of course, is of no significance in determining the outcome of the operation. 

The technique of Phemister was followed in all cases, with slight modifications, de- 
pending on the individual surgeon performing the operation. 

Of the thirty-six patients, four showed noticeable deformit 5 ' in from two months to 
two and one-half years after arrest had been attempted. In Cases 1, 2, and 3, corrective 
surgical procedures were performed after the deformitj' occurred. In Cases 2 and 3, re- 
arrest of the epiphyses was performed at the time of the corrective operation. In Case 1 
the deformity recurred after correction, and probably rearrest should also have been done ; 
the patient will need further surgical treatment. In Case 4 the authors contemplate cor- 
rective osteotomy, if the deformity increases. 

Case 1. The clinical diagnosis was atrophy and shortening of the right lower extremity, following 
poliomyelitis. The lower extremities of the patient before, and at two periods after, arrest are shown in 
Figures 1-A, 1-B, and 1-C ; roentgenograms of the left knee are .shomi in Figures 1-D and 1-E. At the 
first examination in 1931, the nklit lower extremity was one-quarter inch (0.6 centimeter) shorter than 
the left. In April 1940. it was one and one-quarter inches (3.2 centimeters) shorter than the left (Fig. 
1-A). In September of the same year, when the patient was eleven years of ago. arrest of the left lower 
femoral epiphysis was performed. One month later, the left upper tibial epiphysis was arrested. Three 
months aftenvard there was noticeable valgus deformity of the left knee, and the right lower extremity 
was one and one-quarter inches shorter than the left. In June 1941. the upper epiphysis of the left fibula 
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was arrested. In Febniaiy It) 12. be- 
cause of the deformity (Fi;;. 1-B). 
wedge osteotomy of the lower end of 
the left femur was done to eorreet 
the valgus of the knee. When exam- 
ined five months later, the limb was 
straight. The valgus had reenrred 
when the i>atient was seen again in 
March Iflil (Fig. 1-C). This was pro- 
gre.-i-sivo and in .Tune 19M (Fig. 1-E), 
a valgus of the left knee amounting 
to 25 dcgrec.s, with a shortening of the 
right lower extremity amoiinting to 
three-quarters of an inch (1.0 centi- 
meters), was recorded. A note was 
made that further corrective surgical 
treatment was contemplated. 

Case 2. The clinical diagnosis 
w.as paralysis and atrophy of the 
left lower extremity, following polio- 
myelitis at two years of ago. The 
lower extremities of the patient be- 
fore and after arrest are shown in 
Figures 2-C and 2-D ; roentgenograms 
of the right knee are shown in 
Figures 2-A and 2-B. Tiie patient 



Fig. 2-C Fig. 2-D 

Lower extremities in Case 2. 

Fig. 2-C: Before arrest. 

Fig. 2-D : One year and five months after arrest. Note 
\anis deformity of right knee. 


had been observed from time to time since 1934, one year after the acute attack of poliomyelitis. At 
the initial examination in November 1934, there w.as shortening of the left lower extremity, amount- 


ing to one .and one-eighth inches (2.9 centimeters). During the following seven j’ears there was a slow, 


progressive shortening, and in 1943 the left lower extremity was one and three-quarters inches (4.4 centi- 


meters) shorter than the right (Fig. 2-C). In September 1943, when the patient was eleven years of age, 
arrest of the right lower femoral and of the upper tibi.al and fibular epiphyses was done. Two months 
afterward there was beginning vanis deformity of the right knee, with shortening of the left lower 
extremity of one-half inch (1.3 centimeters). This, of course, was an inaccurate measurement, due to 
the deformit}'. When the patient was seen one j-ear and five months after arrest, the deformity had 
increased (Fig. 2-D) and corrective osteotomy of the right tibia was performed. 


Case 3. The clinical diagnosis was paralysis and atrophy of the left lower extremity, following 
po]iom 3 ’elitis at two 3 ’ears of age. When the patient was seen in 1933. one year after the acute attack of 
poliom 3 ’elitis, the limbs were of equal length. Four 3 ’ears later the left lower extremit 3 ’ was three-quarters 
of an inch (1.9 centimeters) shorter than 


the right. In June 1941, when the pa- 
tient -was eleven 3 ’ears of age (Fig. 3-A), 
there was shortening of one and one-quarter 
inches (32 centimeters). The right upper 
tibial and fibular epiph 3 ’ses rvere arrested at 
that time. One 3 ’ear later the discrepanc 3 ' 
had decreased b 3 ’ one-quarter inch (0.6 centi- 
meter). In May 1943, valgus deformit 3 ' was 
present (Fig. 3-B). One month later re- 
arrest was done, and in Januar 3 ’ 1944, wedge 
osteotomy of the upper end of the right 
tibia was done for correction of the de- 
formity. 

Case 4. The clinical diagnosis was 
parab’sis and atroph 3 ' of the right lower 
extremity, following poliom 3 ’elitis at three 
years of age. This patient was first seen 
in Januar 3 ' 1941, at -which time there was 
shortening of the right lower extremit 3 ’. 
amounting to about one and one-quarter 
inches. One 3 ’ear later the shortening was 



Fig. 3-A F;g. 3-B 

Low’er extremities in Case 3. 

Fig. 3-A: Before anest. 

Fig. 3-B: One 3 ’ear .and eleven months after arre.st. 
Note the valgus deformitx’ on the right and the ap- 
parent equalization of limb lengths. 
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one and one-eiglilli inches (2.9 ccntiineler.s). In July 1941, moasurcment.s .showed .shortening ol 
one and three-quarters incl)es (4.4 eenliinelcr.s), and, a.s the jadient wa.s fourteen .year.s of age 
arrest of the left lower extremity wa.s done in the lower femoral and tlic ujqier tibial and fibnlai 
epiphy.ses. The patient showed an excellent progres.sivo equalization until his last vi.sit in January 1944, 
when, for the first time, the knee .showed a valgus deviation of 15 degrees and the right lower extremity 
was three-quarters of an inch (1.9 cenlimeters) shorter than the left. If the deformity incroase.s, which k 
doubtful since tlie patient has reached his .sevonleonth year and normally -should have little more 
epiphyseal growth, a corrective operation will he done. 


COMMENT 

The authors believe tltat comjtlications are few following epiphyseal arrest by the 
Pheinister method, when it is performed under adequate conditions and by competent 
surgeons. Postoperative wound infections arc rare, since the incisions are relatively small 
and the operating time is sliort. If surgical asepsis is practised, there should be no sub- 
sequent suppuration. 

Wilson and Thompson concluded that cpiphj’-seal arrest has the advantage over the 
other operative methods (sympathectomy, limb lengthening, and limb shortening) of being 
a relatively minor surgical procedure. Careful calculation is necessary to determine the 
age at which the operation should be performed, and which e]^i]')hysis should be subjected 
to fusion. When a gross discrejjancy of length is to be overcome, the ojieration must be 
performed earlju Complete fusion must be obtained in order to avoid any danger of later 
deformity due to asymmetrical growth. In their opinion, in which the authors concur, this 
method offers the simplest and safest means of equalizing limb length. Unfortunately, its 
application is limited to the period of bone growth. 

SUMMARY 

In four of thirty-six cases of surgical epiphyseal fusion (carried out accoi’ding to the 
technique of Phemister) , deformities followed and were directly attributable to the opera- 
tion. These deformities resulted from incomplete and asymmetrical arrest of epiphyseal 
growth and often necessitated further surgical intervention. 
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LAG-SCREW FIXATION IX FRACTURES OF THE TIBIAE TUBEROSITY 


nv MA.TOH MILTON' C. COBEY 
Miilwnl Cmp^. Armij of the I'uilid Statc% 

There are several reasons wliy fractures of the tibial plateau frequently result in dis- 
ability. Ainonp: these is faulty reduction and inadequate fixation during the period of 
healing. An excellent reduction may be lost while the limb is fixed in a cast. Genu varum 
or genu valgum, resulting from incomiilctc reduction and inadequate fixation of the frac- 
ture. creates a faulty weight-bearing line through the knee joint. Open reduction makes 
possible accurate rcidaccmcnt of fragments. 

Five years ago the author began to use a vitallium lag screw of the Lippraann type in 
order to maintain reduction of these fractures. The screw prevents outward displacement 
of fragments. .At the same time it may be so directed as to counteract any tendency to 
depression of the jilatcau, an advantage which the through-and-through bolt does not 
possess. 

The ability of the corkscrew or lag screw to hold firmlj' in cancellous bone has been 
demonstrated by both Lippmann and Henderson in fractures of the femoral neck. Tra- 
becular bone requires the large surface grip of the corkscrew. .An ordinarj- vitallium wood 
screw is not sufficient. The lock washers of the through-and-through bolt are, in the 
author’s opinion, too small to hold the 
fragments in three planes. In addi- 
tion, the line of the bolt must be 
nearly in the coronal plane to ensure 
protrusion of the end for the applica- 
tion of the lock washer and nut. The 
author feels that this coronal position 
of the through-and-through bolt 
tends to lose the desired elevating 
force on the fragments, and affords 
only an impacting force. 

Insertion of the screw into the 
largest depressed fragment is done 
gently with the ordinary hand drill, 
so that the fragment will not be broken. The screw gi’asps a large amount of intact 
cancellous bone on the side opposite the fracture. It is inserted through the largest 
fragment at the angle of maximum efficiency. This is determined by roentgenogi-aphic 
study and inspection at operation, at which time all fragments are reduced and held 
in the position of complete reduction by a blunt instrument. The screw is three and 
three-eighths inches in length, and the wide-thread, or corkscrew, element is three- 
eighths of an inch in diameter. These dimensions have been found to be adequate after 
study and measurement of many tibiae. The squared shank makes for ease of insertion 
with drills of different types, and is fitted with a large oval lock washer with a square hole, 
which cannot turn on the shank. The washer is fitted on the shank in such a position that 
the spur will be driven into intact bone, thereby locking the fractured fragments in three 
places. Next, the nut is tightened firmly onto the washer, thus giving fixation in three 
planes, — the sagittal, coronal, and lateral. The horizontal impaction is the most important, 
as it prevents possible separation of the fragments by rotan,' force, and produces trans- 
verse closure of the fracture line. The free end of the screw under the skin has not caused 
complications or discomfort. 

Four cases have been selected, demonstrating different types of lesions and fixation 
^ ith the vitallium lag screw. 



Fig. 1 

Lippman screw, showing lock washer with spur. 
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Case 1 is that of a simple comminuted fracture of the tibia! condyle. The reduction and in.sertion 
of the screw was accomplished through a very small incision directly over the frncttire. In contrast to 




F:a. 2-A 


Pio. 2-B 



Fig. 2-C 2-D 

Case 1. Simple comminuted fracture of the lateral tibial condyle, not requiring removal of 
lateral cartilage. 

Figs. 2-A and 2.B ; Before reduction. 

Figs. 2-C and 2-D : After reduction and insertion of screw. 
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wlmt is usufilly required, it w.as not nccessan- in this case to make an incision into the knee joint proper. 
A minimum of uiiwarcl imiiaclion was needed; licncc the screw was directed slightly upward and ex- 
tended across the tibia, well past the fracture line, to grasp good bone. The patient was treated four 
years ago and has been asj-mptomatic during this time. The patient refused to have the screw removed. 

C.\SE 2 iircscnted a fracture of the iiosteromedial portion of the tibial plateau. It was necessarj' to 
start the .=crcw from a slightly posterior angle in order to re-establish the horizontal plane. This screw 
was directed upward slightly to prevent sul)sequent depression while healing, in order to effect the 
transverse impaction and to overcome the rotarj- force. One year after removal of the screw, excellent 
painless stability was present, and no arthritis had developed in the joints. During this period the patient 
w.as on militarj- dut.v. which necessitated a great deal of walking and required a painless, stable knee. 

Case 3 w.as one of extensive comminution .and avulsion of the tibial spine, which had caused the 
knee to be locked in flexion. It was neccss.arv’ to open the knee joint, exposing the entire fracture. The 
medial cartilage w.as badly torn and had to be removed. The tibial spine was replaced in its normal 
position. The plateau fracture was reduced with a periosteal elevator, and held in place bj’ direct pres- 
sure and abduction of the leg. The screw was inserted through the largest fragment to the opposite side 
» of the tibia in order to dr.aw the fragments together. The nut was tightened over the lock washer after 
the spur had been forced into intact bone. 

Case 4 was one of compound fracture of the lateral tibial plateau, which opened widely into the 
knee joint on the lateral side. The patient was first seen eighteen hours after the fracture had occurred. 
After debridement, including the removal of the lateral cartilage, of which the anterior three fourths 
was hanging free from the wound, it was evident that an accurate reduction and maintenance of the 
large tibial plate.au fragment must be carried out, if .any function of the joint was to be retained. The 
fragment would not stay in place without skeletal fixation. Hence, the screw was inserted and directed 
downward, since the remaining portion of the lateral collateral ligament kept dr.awing it out of its 
proper position. The lock washer was turned so as to lock the spur in the bone anteriorly, in order to 
prevent depression of the tibial plateau during the early absorptive period of bony union. The wound 
was left open after suture of the sjmovi.al membrane. Penicillin was used in the joint and consequently 
no infection resulted. The screw was removed in twelve weeks. Only one dressing was performed in 
eight weeks, when the cast was changed. 

All patients were placed in casts from the upper thigh to the toes, with the knee in 
/ 25 degrees of flexion. The patient with compound fracture was placed in a hip spica cast, 
because he had also a compound fracture at the juncture of the pubic and ischial spine. 

Accurate reduction and internal fixation are demonstrated in these four cases. They 
include the simple fracture, the comminuted fracture which involves most of the joint 
with the tibial spine, and the severe compound fracture with axmlsion of the tibial cond 3 de. 
Damage to the meniscus is often present, requiring its removal at the time of the reduction 
and internal fixation. In those instances in which the ligamentous tear is not too severe 
and the cartilage is not torn, however, the cartilage can be preserved, and has been dem- 
onstrated by roentgenogram to be present and intact a j’^ear after solid bony union has 
taken place. Accurate reduction and healing without deformity of the knee produce a 
normal weight-bearing line, and the secondarj-^ hj^pertrophic post-traumatic arthritic 
changes that invariably follow the malunion of cond 3 dar fractures are either prevented or 
certainly reduced in amount. 
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ALLERGY OF JOINTS 

BY LEO H. CBIEP, M.D., PITTSBURGH, PENNSYLVANIA 

Frovi the Division oj Allergy, School oj Medicine, University oj Pittsburgh, 
and the M ontcfiore Hospital, Pittsburgh 

The most common and the best-known tjqie of allergic involvement of the joints it 
that seen in serum sickness and in drug allergjL The manifestations include stiffness 
swelling, redness, and pain in the joints. There is evidence of local oedema, resulting ir 
3xudation of fluid. The reaction usually lasts for only a short time. 

As early as 1895, Osier brought out the fact that a certain percentage of patients suffer- 
ing from Henoch’s purpura present transient recuri’ent articular manifestations. These 
oatients show a variable combination of the following symptoms: (1) skin findings, such 
as purpura, urticaria, and angioneurotic oedema; (2) abdominal symptoms (colic, diar- 
I’hoea, and gastro-intestinal hemorrhages) ; and (3) involvement of the joints, due to peri- 
articular and intra-articular oedema and effusion. Osier reported eleven instances of 
Henoch’s purpura; five of these patients had articular symptoms. In one, the swollen 
painful joints and purpura followed the injection of iodoform into the hip joint; this could 
have been due to a sensitivity to the drug. Osier collected fifty cases of Henoch’s purpura 
from the literature, thirty-two of which presented some form of “arthritis”, due to an 
affusion in the tendon sheaths along the joints. In 1914, he cited several additional cases 
Df the same condition, and mentioned the possibility that this condition might be due to 
protein sensitivity. 

Alexander and Eyermann reported four cases of Henoch’s purpura. All of their 
patients had gastro-intestinal and abdominal symptoms; one had urticaria, three had pur- 
pura, and two had arthritic manifestations. All of the patients sliowed unmistakable 
clinical evidence of food sensitivity. In 1929, the same authors presented six more cases 
of clinical food sensitivity, which produced the various manifestations of Henoch’s pur- 
pura. These reports on Henoch’s purpura are cited here because the recurrent joint mani- 
festations are a prominent symptom in this condition, and, furthermore, because there is 
evidence that allergy to foods plays an important role in their production. 

There are in the literature, however, other references to recurrent, transient articular 
involvement, occurring without scrum sickness, drug allergjL or Henoch’s pui-pui-a, which 
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arc caused by allcrgj' to food. Among these may be mentioned the reports by Bolton, 
Bezancon and his associates. Turnbull. Adelsberger and Muntcr, Lewin and Taub, Service, 
and Berger. For the most jiart, they include symptoms of intermittent swelling and pain 
in the joints, resulting from the ingestion of eertain foods, particularly fish, nuts, and eggs. 
Sometimes the condition was associated with otlicr allergic manifestations, — ^usually 
urticaria and angioneurotic oedema. 

The purpose of this paper is to call attention again to the possibility that intermittent 
swelling of various joints in the Iiody may occasional!}' be of allergic origin. 


c \sc ncponrs 

C\SE 1. I. D., a female, aged forty, ga\c a histoiy of paro\jsms of excruciating pam in the back of 
the neck, radiating dovra to the right shoulder and the right arm. This condition had been present, 
off and on, for five months. Accomp.anying the pain, there was some swellmg of the right shoulder and 
tlie right upper arm. The patient found it difficult to turn her head m either direction Durmg the 
attack, motion and physical activity alw.aj's aggraiated the sj'mptoms At other times the pain would 
come on suddenly, without app.arcnt provocation, even wakmg her in the middle of the mght Because 
of the frequent noctum.al occurrence of the pain and consequent loss of sleep, tlie patient became qmte 
imtable and lost a great deal of weight. Scxer.al months after the onset of the pam, because sjmpto- 
matic treatment did not give relief, she was hospitalized for a complete investigation At this time the 
phj-sical examination was entirelj' negative, except for some tenderness over the entire trapezius and 
deltoid muscles, and over the spinous processes of the mid-cervical and lower cemcal x ertebrae. Mild 
muscle spasm could be palpated over the nght shoulder and arm. Roentgenograms of the entire cervical 
and thoracic spine xvere negative. The urine was negatix e. The blood count, sedimentation rate, blood 
chenustrj-, and serologj- were normal. The eosinophil count was 9 per cent. The patient was studied by 
an internist, an orthopaedic surgeon, and a neuropsj'chiatnst Because of marked emotional manifesta- 
tions, without any positive objective data, she was discharged from the hospital with a diagnosis of 
functional neurosis. 

The condition had become increasingly worse when the patient was seen on November 3, 1943. 
In addition to the historj’ stated above, she also complained of mtemuttent swelhng and pam of the 
middle finger of the nght hand. This joint presented a fusiform swelling, without marked redness or heat. 
The swellmg was accompanied by defimte hmitation of motion. Roentgenograms showed no pathological 
changes in the joint. All laboratorj' tests were negative. 

The patient had been seen on previous occasions She reported in July 1930, complaining of in- 
defimte gastnc sj'mptoms and occasional pain in the region of the thoracic x'ertebrae. There was local 
tenderness over the thoracic spinous processes. The pam was aggravated bj' motion Two j-ears later 
she was seen at home because of sex-ere and intractable generahzed urticana, which cox'ered practicallj- 
the entire bodj^. On another occasion a marked contact dermatitis dex-eloped after she had worn a 
black chiffon-taffeta dress. She found repeatedly that the ingestion of chih sauce or tomatoes produced 
generahzed hix'es. 

The patient was seen again in Apnl 1938. Folloxvmg a course of emmemn, urticaria and marked 
swelhng of the nght knee and nght ankle dex eloped The emmemn was discontinued and the joint 
condition disappeared, onlj- to return with resumption of treatment There was no familj- histoiy of 
allergj’, and no history of associated allergic mamfestations 

Because of the past historj', it seemed possible that the patient’s present intermittent condition, 
mx'olving the cervical x'ertebrae and the jomts of the middle finger of the right hand, might be allergic. 
Positixe skm reactions were obtamed to many foods. She was found to be sensitix'e chnicallx' to 
tomatoes, chih sauce, fish, and grapes, although no skm reaction could be obtained from the grapes On 
^veral occasions the patient experienced joint sj'mptoms after eatmg grapes or dnnkmg grape wine. 

' '' ilhdraxxmg these foods from her diet brought about complete disappearance of her sx-mptoms. 

CxsE 2. R. H , a male, aged thirty-sex'en, was seen m April 1941, when he complained of inter- 
mittent pain and swelling of the right great toe This was occasionallj' associated xvith swelling and pain 
of the right ankle. The joints were not tender. The skin was tense and burning and, after the swelling 
had disappeared, the skm scaled. At times the swelhng had been so marked tliat the patient could not 
put on his shoe. He stated that he had prex'iouslj' had a similar condition m his nght knee, and at that 
time he had found it dilBcult to dnx'e his car. The patient received treatment for arthritis and was 
^ coined to bed for a penod of sis weeks. Arch supports and other orthopaedic treatment did not give 
relief. The patient stated that he had had moderate hix-es two or three times, and that on at least one 
occasion he had had massix-e swelhng of one ej'e. There was a familj' histoiy of asthma 
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The plij-Mcal examination was entirely ncRntivc. No involvement, of the ankles, toes, or any of the 
other joints was evident. Several weeks later, however, there was marked swelling of the great toe of 
the loft foot. There was no redness and only slight tenderness over the affected joint. The skin was tense 
and drawn. The patient had extreme pain on motion and had .spent .se\'eral .slccplc.«.s’ nights. TJoentgeno- 
grams of the involved joint showed no pathological changes. The blood count, sedimentation rate, 
serology, and blood chemistry were normal. 

Because of the history of hives and the lack of evidence of acute arthritis, it was decided to study 
(he patient from an allergic vicwiioint. Skin tests .showed positive infradermal reactions to a great many 
foods, especially to nuts. In order to determine the .specificity of these positive intradcrmal reactions, 
passive transfer tests wore carried out. The lest consists of transferring a small amount of the patient’s 
serum (0.1 cubic centimeter) intradermally to the .skin of a normal, non-allcrgic person. Each sensitized 
area was tested six to twelve hours later with an extract of almonds and peanuts. Both passive transfer 
tests were positive, indicating that the ]>atient’s serum contained skin-sensitizing .antibodies (reagins) 
against peanuts and almonds. I’lio jialient recalled that on .se\'cral occasions the ingestion of peanut 
butter produced generalized urticaria. Elimination of ail nuts from his diet gave complete relief from 
the sy'mptoms. The ingestion of nuts or of wheal invariably brought on a paro.xysm of urticaria or some^ 
joint swelling and pain. 

Case 3. The patient was a twch'e-ycar-old girl who was first seen in 19-12, when .she complained of 
intermittent swelling of the right ankle and the left wrist. The joints became swollen without any appar- 
ent cause and the swelling persisted for a period of several hours, or at times for ser'cral clays, during 
which she could not move her foot or hand without severe pain. The swelling was not accompanied by 
fever or by increased local heat or redness. There was no history of involvement of the other joints. 
There was no history of growing pains, acute rheumatic fever, chorea, or any other rheumatic infection. 
The tonsils had been enucleated when the patient was five jmars old. The patient had had several attacks 
of urticaria some ymars before. She had had an intolerance for eggs for many years; the ingestion of even 
a small quantity of egg would produce generalized urticaria. There was no family history of allergy. 

At the time of the first examination, there appeared to be no articular invoh'ement. The physical 
examination was entirely negative, except for a systolic murmur which was not transmitted. An electro- 
cardiogram and a roentgenogram of the heart were normal. The sedimentation rate was normal. The 
blood examination showed an eosinophilia of 10 per cent. 

The absence of fever and of signs of local inflammation, the normal sedimentation rate, normal 
roentgenogram, and positive allergic history suggested the possibility' that this might be a case of angio- 
neurotic oedema, which from time to time involved various joints. The patient showed a marked posi- 
tive reaction by direct slcin test to eggs and to several other foods. A small quantity' of egg albumen by 
mouth gave rise to urticaria. On only' one occasion, however, did the ingestion of egg cause swelling of 
the right anlde. The patient was placed on a completely egg-free diet and has been entirely free of joint 
symptoms for the past two years. 

Case 4. J. C., a male physician, aged sixty'-five, was present at a medical meeting where the subject 
of allergy was being presented. After the meeting he cited his own experience, stating that he had had 
an allergy for a great many years. The patient had a family' history' of allergy'. Paroxy'smal attacks of 
blindness in one ey'e and intermittent swelling of ser'eral joints of his fingers occurred after the ingestion 
of fish. The joint or joints -would become swollen, tender, and painful, and the condition would last 
from a few hours to a few days. The physical examination was otherwise negative. He stated that 
examination of the eyegrounds showed oedema of the macula in the affected ey'e during a paroxy'sm. 
The patient could always induce the swelling of his fingers by' eating fish. Absolute avoidance of all fish 
and fish products gave complete relief. 


COMMENT 


Allergic arthropathies may be classified as follows: 

The first group includes those instances of long-standing, chronic infectious arthritis 
which are thought to be due to bacterial allergy. Little is known about the allergic nature 
of this group and it is not included in this presentation 

In the second category is articular swelling resulting from sensitivity to a foreign 
t a drug This condition is usually transitory and is easily recognized as allergic, 
braus^it is a part of a generalised reaction to serum or drug. 

because IS P intermittent hydrarthrosis, which is a massive recurrent 

swellii of a joint, usually the knee. It is found more frequently women than in men, 
and ii aocompanied by effusion of fluid into the joint. 



AI.IXHCY OF JOINTS 


279 


In the fourth u:nniii are eases of Ilenoeirs purpura associatccl with articular swelling 
and pain which, in some instances at least, might he due to allerg>'. 

The fifth group comprises cases of acute transient paroxysmal articular involvement 
of joints, characterized by pain, swelling, and limitation of motion. Clinically, the cases 
simulate subacute arthritis, except for the absence of elevation of temperature, leuko- 
cytosis. increased sedimentation rate, and positive rocntgenographic findings. This con- 
dition is transitory and recurrent and is associated with other allergic conditions, .such as 
migraine, urticaria, angioneurotic oedema, asthma, and hay fever. Eosinophilia may be 
present. Positive skin tests may be elicited. The allergic nature of the condition is proved 
by clinical trial. 

It is with this last type of joint involvement that this paper is concerned. The patient 
complains of excruciating pain which is migratory, sometimes involving the joints of the 
fingers, at other times involving the vertebral articulations or other joints of the body. 
At the time of the examination, nothing may be found and the patient may be labeled 
psychoneurotic, as in Case 1. On the other hand, the diagnosis of subacute or even of 
acute rheumatic fever may be made, and the patient may he confined to bed needlessly 
for a long period of time. 

The mechanism of production of symptoms is probably the same as that in urticaria 
or angioneurotic oedema; the shock tissue is the synovial membrane of the joint, instead 
of the skin. Considerable, but transient, peri-articular oedema may occur, and at times 
there may even be a small amount of transudate into the joint cavity. This fluid may or 
may not be rich in eosinophils. The reaction, however, is reversible. The allergj’ is due to 
sensithuty to foods, and absolute elimination of these foods may result in complete relief. 
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DEVELOPMENT OF SQUAMOUS-CELL CAKCINOMATA IN THE 
SINUS TRACTS OF CHRONIC OSTEOiAIYELITIS 


HV JOIIX J. XIKHAUKK, M.O., NKW YOUK, X. Y. 

Fw?// lltc Or/liopacdic Division of the Dcpnrlvu nt of Furarry, Stanford University 
School of Medicine, San Francisco, California 

jMalignant clcgcncralioii of tlie skin whicli linos sinus tracts is not always readily 
recognized as a complication of chronic osteomyclilis. 'I’hc carcinomatous lesions are in 
some instances large, cauliflowor-likc opithcliomala exlniding from the sinuses; however, 
the more insidious variety, often unsuspected until the dcveloi)ment of metastases, exists 
deep in the epitlielialized eardties. Stewart, Ohcvmnycv, and IVoolhandler reported a 
case in which skin metastases occurred, following the amjnitation of a thumb for chronic 
osteomyelitis. The pathologist’s examination of the amimtated phalanx then revealed the 
primary epithelioma. 

Early" recognition of malignant changes is often obscurefl by the primary pyogenic 
process. JN'lost lesions exist for some time before their ti-ue nature is discovered. The 
purpose of the present paper is to imint out the clinical and roentgenographic signs of 
this disease. 

Henderson and Swart reported on five patients with malignant lesions among 2,396 
cases of chronic osteomyelitis. Benedict found twelve such cases among 2,400 patients 
afflicted rvith chronic osteom5’'elitis. The epithelialization of draining sinuses in cancellous 
bone is rvelJ recognized. AliJgram eJaijns t})is to be one enuse of persistent drainage, 

Bereston and Ney, in reviewing the literature, found that malignant changes most 
often develop in males between the ages of forty and sixty" years, who have had draining 
sinuses of from twenty to fifty" y"ears’ duration. The tibia, the femur, and the bones of 
the foot are most often involved. 

Hellner emphasized that increased pain, increased foul discharge, and bleeding from 
a sinus are indicative of malignant changes in chronic osteomyelitis. A pathological frac- 
ture in the infected area should also arouse suspicion. The discharge of small, white, 
cheesy masses, composed of desquamated, keratinized epithelium, is sound evidence that 
the sinus is well epitlielialized. 

Roentgenographic studies are not characteiustic, so long as the malignant lesion is 
limited to the skin lining the sinus. Roentgenograms of the two cases to be presented, 
however, show many small areas of rarefaction in the sclerotic bone surrounding the 
sinuses. Hellner described similar roentgenograms in his cases of chronic osteomyelitis 
complicated by squamous-cell carcinoma, and he thought this to be characteristic of 
malignant invasion of the bone. 

The positive diagnosis is made by performing a biopsy of material from the sinus 
tract. Curettage is not sufficient, since the lesion may be missed. Furthermore, when the 
material for biopsy is obtained by a superficial curettage, the pathologist may be unable 
to distinguish between a carcinoma and inflammatory changes. Therefore, the biopsy is 
best done in the operating room w"ith the lesion fully exposed; several sections, thick 
enough to include the subcutaneous tissue, should be excised. Quick frozen sections are of 
little value, since a positive diagnosis usually can be made only when the lesion is grossly 

an obvious carcinoma. _ • + j ^ • n 

Most authors report that the carcinomata associated with draining sinuses are well- 

differentiated squamous-cell epitheliomata. That they show little tendency to metastasize 
] been Dointed out by Bereston and Ney, who found only four cases in the literature 

nas ue p which visceral metastases w"cre present. Metastasis 

nnd added two cases oi ureir uwu m 'v * , 

tolhe lymph nodes may occur, but in most mstances enlarged nodes are inflammatory 
and subside after amputation. 
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Fig. 1-A 

Case 1. F. T. Anteroposterior and lateral roentgenograms of lower third of femur, demonstrat- 
ing extensive destruction of the shaft and small irregular areas of rarefaction in cortex surrounding 
the large abscess cavit 3 '. 


Amputation is usually the best method of treatment. Because of the existing infec- 
tion, it is logical to perform a guillotine amputation as close to the int olved area as may 
be done with safety. If enlarged lymph nodes are present and do not subside after the 
amputation, they should be excised, since they may contain metastatic carcinoma. Roent- 
genotherapy may then be initiated. The prognosis following amputation is good, since 
there are few early metastatic lesions. 


CASE REPORTS 

Case 1. F. T., a white laborer, sixty-seven years of age, entered Stanford University Hospitals in 
Februaiy 1939, complaining of increased' pain, foul discharge, and bleeding from the sinuses in his right 
thigh of eight months’ duration. For sixty years he had had chronic osteomyelitis of the femur. 
Examination revealed a pathological fracture. On tlie medial and lateral sides of the middle third of 
the thigh were foul, discharging, epithehalized sinuses, which extended from large caidties deep within 
the bone. On the medial side, an abscess of the soft tissue extended up the thigh. Alalignant changes 
were not suspected. A roentgenogram of the femur demonstrated an extensive osteomi'elitic process, 
involving the distal half of the bone (Figs. l-.A and 1-B). Multiple small areas of destruction were noted 
in the sclerotic bone surrounding a large cavity in the femur. Several small sequestra were identified. 

A pathological fracture, combined with the extensive destruction, necessitated drastic treatment. 
Accordingly, a guillotine amputation was done above the lesion. The stump healed well, except for a 
firm mass of what appeared to be granulation tissue; on pressure, this exuded caseous material. The 
mass was c.xcised, and on microscopic examination it was found to be a squamous-cell carcinoma of a 
well-differentiated varietj". Further examination of tis.=ue from the sinus tracts of the amputated leg 
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disclosed the primary epithelioma. The amputation wound healed, and the patient is in good health 
at the present time. 

Case 2. H. T., a white business man, aged fifty-three, entered Stanford University Hospitals on 
November 25, 1944, with a draining sinus in his left thigh, which had been present for thirty-eight years. 
Many operations had resulted in only sporadic improvement. The patient walked well until three 
months before admission to the Hospital, Avhen pain in the thigh caused him to use a cane. Since then 
the pain had increased and, in spite of chemotherapy, the discharge from the sinus became profuse 
and foul. 

On the lateral side of the middle third of the left thigh there was a sinus, six inches long and 
three-quarters of an inch wide, which extended deep into the thickened, irregular femur. The skin 
grew evenly into the ostium around all of its edges. A profuse, putrid discharge, which contained firm, 
grayish, irregular particles, one to two millimeters in diameter, drained from the sinus. Three discrete, 
smooth lymph nodes and several smaller nodes were palpable in the left inguinal region. 

Roentgenograms showed a large area of destimction in the shaft of the femur. The thickened 
cortex around this cavity was irregular and contained man 3 ’- small areas of destruction. On the medial 
side of the femur there was an abscess cavit 3 '’, containing small sequestra (Figs. 2-A and 2-B). Roent-^ 
genograms taken of the same area, in 1934, demonstrated the large cavit 3 ’-; however, the femur sur- 
rounding the cavity was less irregular and the multiple small areas of destruction characteristic of the 
patient’s recent roentgenograms were not present at that time. 

Because of the changes noted in the roentgenograms, the increased pain, and the foul discharge 
from this obviousl 3 '' epithelialized sinus, a malignant lesion was suspected. The sinus was curetted. 
Although microscopic examination of the tissue obtained showed only chronic inflammation, it still 
seemed possible that a carcinoma might be present deep within the sinus. 

The patient was taken to the operating room where the sinus was widely incised, exposing a large 
cavity in the femur. This, for the most part, was lined with skin, from which projected hard, cauliflower- 
like masses in several places. The anterolateral cortex of the femur over the abscess cavit 3 ’’ was found 
to consist of man 3 ' small spicules of bone imbedded in granulation tissue and carcinomatous tissue 
(Fig. 2-C). The granulation tissue, skin, and papillomatous growths were covered by foul, gra 3 dsh-green 
pus. Necrosis had occurred in small areas in some of the larger papillomatous masses. Pathological 
study of the tissue which had been removed demonstrated squamous-cell carcinoma of a well-differen- 
tiated variety (Figs. 2-D and 2-E). 

On December 13 a guillotine amputation of the femur was performed, two and one-half inches 
proximal to the upper end of the cavity. Since the amputation was done close to the infected area,^ 
penicillin was administered before and after surger 3 ^ Sldn traction was applied to the stump after the 
operation. 

A plastic operation was done on the stump at a later date. The inguinal nodes decreased markedly 
in size. At present the patient is health3'' and without eAudence of metastatic lesions. 


DISCUSSION 

These two cases clearly illustrate several points in the diagnosis of squamous-cell 
carcinoma, arising from epithelialized, chronic sinuses of bone. Both patients were in the 
age group in which this complication is most often found. In neither patient was the 
correct diagnosis obvious on clinical examination. The skin at the edges of the sinuses 
appeared irritated from the constant drainage. Microscopic examination of the tissue first 
removed showed only chronic inflammation. In fact, in Case 1, an epithelioma on the 
unhealed amputation stump led to re-examination and the discovery of the tumor in the 
amputated portion. The specimen obtained by curettage in Case 2 showed no epithelioma 
Thus in suspected cases it is well for the surgeon to perform a biopsy under direct Ausion 
in the operating room and to select several suitable specimens for microscopic exami- 

natnm^^^^ bad tolerated their osteomyelitis well for many years. Their complaints 

of pain and profuse foul discharge were of several months’ duration only. The first patient 
had a pathological fracture of the femur and bleeding from the sinuses in his thigh. These 
findings are characteristic of carcinoma, developing in an epithelialized osteomyelitic 

sinus tract. . , , , , 

Roentgenograms of these two patients, although not diagnostic in themselves, pre- 
sented a provocative finding of small areas of destruction in the sclerotic bone surrounding 
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the cavities, a picture which may be the result of extension of the carcinoma, as demon- 
strated by Figure 2-C. 
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FIXATION OF THE TRANSPL.A.XTED TIBIAE TUBERCLE 

BY D.AVID M. BOSWORTH, M.D., AND FREDERICK R. THOMPSON, M.D., NEW Y'ORK, N. Y. 

From the Orthopaedic Service, St. Luke’s Hospital, New York City 

For many years, transplantation of the tibial tubercle has been an accepted procedure 
for the correction of two main pathological conditions. It has been employed, first, to take 
up the slack of the quadriceps apparatus in patients with spastic paralysis, following 
partial neurolysis of the hamstrings; and second, to correct recurrent dislocation of the 
patella. This operative procedure has routinely promoted good results. In the former 
condition, distal transplantation, under considerable tension, promotes the optimum re- 
sult; whereas in the latter condition, medial transplantation with onty moderate distal 
fixation is best. 

In both conditions, transplants have proved difficult to hold, even when transfixed 
with screws. This is particularly true in spastic paralysis, because of the undue tension 
necessarj" to overcome inherent increased muscle tone. In the past, the long screws neces- 
sary to anchor the transplant to the posterior cortex frequently bent ; or the transplanted 
tubercle split and pulled away from the point of fixation. AA’'ashers placed beneath the 
screw heads produced better results. 

Good postoperative stability was not secured, however, until plates were used, which 
extended below the area of defect into which the tubercle was placed. This permitted 
anchorage of the whole transplanted area to solid tibia. By the use of a three-holed plate, 
which permits two screws to pass tlirough the transplanted tibial tubercle and the distal 
end of the plate to be anchored by a third screw to solid tibia, such factors as wandering 
or pulling loose of the tibial tubercle, and bending of screws, have been eliminated. 

At operation, with the incision wide open, the knee can be completely flexed pas- 
sively without producing the least motion in the transplanted tubercle mass, even in 
patients with spastic paralysis where massh'e tension is present. Three screws are neces- 
sary. Two pass through the transplanted tubercle mass to prevent its rotation, as well as 
to hold it tightly in its new bed; the third screw is placed distall}* to anchor the other two 
screws and to prevent them from being bent by tension of the quadriceps. Figures l-.A, 
1-B, 1-C, and 1-D show the gradual evolution of the present method of fixation and the 
rationale of the present procedure. 

* Presented before the Xew A'ork .Academy of Medicine. Orthopaedic Section. Xovember 17, 1944. 
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Fig. 1-A Fig. 1-B 


Fig. 1-A; Tibial tubercle is held in position with a single vitallium screw. Note that rotation 
of the tubercle has occurred and accurate maintenance of position is poor. 

Fig. 1-B: Transplanted tubercle is held more satisfactorily with two vitallium screws. Here, as 
in Fig. 1-A, the bone which had been removed from the new defect in the tibia was replaced at 
the location from which the tibial tubercle had previously been removed. This is unnecessary. 



Fig. 1-C 



Fig. 1-D 


Fig. 1-C: Tubercle was transplanted too far distally, drawing down patella and later causing 
residual loss of flexion of the knee joint. Note single screw through transplanted tubercle. Distal 
screw anchors plate to solid bone. . , , m 

Fio". 1-D : Shows present method of fastening tibial tubercle with plate. Two screws pass 
through plate and tubercle and a distal screw is fastened in solid tibia. The plate projects beyond 
the transplanted tubercle. 


In transplantation of the tibial tubercle for recurrent dislocation of the patella, it is 
extremely important not to place the tubercle too far distally, but to gain all the medial 
displacement possible (Figs. 2-A, 2-B, and 2-C). The fixation with a plate and three 
screws remains the same. Support by a cylindrical plaster cast is necessary for one week 

after fixation. 
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BIOCHEMICAL CHANGES IN TPIE FRACTURE HEMATOMA 

BY ORVAR SWENSON, M.D.,* BOSTON, MASSACHUSETTS 

From The Surgical Research Laboratory, Harvard Medical School, 

^ ^ aud The Peter Bent Brigham Hospital, Boston 

The morphological changes in fracture repair Jiave been studied extensively, and 
recently they have been completely reviewed in a series of papers by Urist and McLean. 
In the early stages of fracture repair, these changes at the site of fracture are similar to 
the repair processes in other tissues. At first there is an acute, inflammatory reaction, 
produced by the trauma causing the fracture. A hematoma of variable size forms at the 
break in the bone, and within a few days the process of repair begins, with organization 
of the hematoma by the ingrowth of fibroblasts and capillaries. After from seven to fif- 
teen days, a uziique change appears in the healing fracture, which distinguishes the process 
from repair in other parts of the bodJ^ A homogeneous material appears between the cells 
of the procallus. Whether the ^position of this osteoid material may be attributed to 
specialized fibroblasts, or whether there is actually an ingrowth of osteoblasts from the 
bone or the periosteum, cannot be finally determined. The formation of actual bone can 
occur without relation to bone or to periosteum, as Huggins demonstrated bj-- transplant- 
ing the mucosa of the urinary bladder onto the rectus abdominis muscle of a dog. In an)'- 
event, within from ten to fifteen days there is beginning calcification at the break in the 
bone, and new-bone formation proceeds to bridge the fracture. 

Although the morphological changes which occur in fracture repair are well known, 
there is^incomplete knowledge of the biochemistry of calcification? Robison was the first 
to demonstrate alkaline phosphatase in bone and cartilage which were undergoing calcifi- 
cation, and to stress the relationship of this enzyme to calcification. However, alkaline 
phosphatase has been demonstrated in organs, such as the kidney, where calcification does 
not normally take place. It would seem, therefore, that this enzyme system alone, without 
other special conditions, is not responsible for calcification. Such facts prompted Robison 
to postulate that there was probably a_double-enzyme system involved in calcification. In 
the first place, there is reasonable doubt that a suitable substrate is present at the site of 
calcification,, ujoon which alkaline phosphatase can act and produce an increase in the 
inorganic phosphate. It is also known that the glycogen concentration is high in hyper- 
trophic cartilage cells, and that the concentration falls rapidly as calcification takes place. 
Gutman and Gutman have claimed that the_second enzyme system postulated by Robison 
is phosphorylase, and that its function in calcification is in utilizing glycogen and inorganic 
phosphate to form some suitable phosphoric ester for alkaline phosphatase to act upon. 
This double-enzyme system would be responsible for raising the concentration of inorganic 
phosphate,sp that the product of Ca++ and ions exceeded 3.3 by 10~^, which is the 

solubility product of secondary calcium phosphate at the pH of blood. 

The following experiments were carried out in an attempt to correlate the relationship 
of the pH, the alkaline phosphatase, and the inorganic phosphate at the site of fracture 
before and during calcification. The liquid hematoma at the fracture site affords a con- 
venient fluid, which can be aspirated and subjected to chemical analysis. Determinations 
of the pH, the alkaline phosphatase, and the inorganic phosphorus can be carried out on 
the hematoma fluid, and thus some idea of the biochemical changes which occur in the 
healing fracture can be obtained. , The hematoma fluid does not give an absolute repre- 
sentation of the biochemical process in fracture healing. It probably reflects these changes 
to a certain extent, however, and should giA^e some indication of the major changes going 
on during the early stages of fracture repair, 

* Fornierl3' Arthur Tracj' Cabot Fellow. 
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FRACTURE EXPER1MENT-N0.I27- 43 



BLOOD 

HEMATOMA 


Chart I 
METHODS 

The operative technique consisted of aseptic exposure of the canine femur and eleva- 
tion of a full-thickness spicule of bone, with resection of a portion of the vastus lateralis. 
The fractures produced by this method had moderate-sized hematomata, which were 
readily aspirated. Thejputine for aspiration was as follows: Two and one-half hours after 
the fracture had been produced, the hematoma was aspirated; and determinations of the 
pH, the inorganic phosphorus, and the alkaline phosphatase were carried out. The aspira- 
tion was repeated in twenty-four hours and every forty-eight hours thereafter, as long as 
fluid could be obtained readily. The hydrogen-ion acti\dty was determined by the use of 
a microglass electrode. Inorganic-phosphorus determinations were carried out by a modi- 
„fication of the method of Fiske and Subbarow, in which 0.1 milliliter of fluid was used for 
_ each determination. The phosphatase was determined in Bodansky units, using 0.1 milli- 
litjr of fluid for each determination. Specimens for biopsy were taken from the fracture 
site at various times in order to correlate the histological findings with the biochemical 
results. The sections were stained by the Kossa method to demonstrate calcification. A 
number of fractures were produced, but a high percentage were unsuitable for this experi- 
ment, either because of infection or because of limited hematomata, which failed to give a 
sufiicient volume of fluid for the various determinations. 

RESULTS 

The pH values were, in general, similar to those reported by Stirling and by ^Murray. 
Two and one-half hours after the fracture, the hematoma fluid was more acid than the 
venous blood; this acidity became more pronounced in twenty-four hours, the lowest pH 
determination being 6.9 (Table I) . In the course of the nexi; ten days, the pH graduall 3 ' 
shifted to the alkaline side; the highest reading was 7.6. 

During the first twentj^-four hmus after the fracture had been produced, there was a 
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Fia. 1 


Photomicrograph of section from Fracture No. 127-43, taken at the end of the experiment 
(ninth day). Section was stained for calcium by the Kossa technique; calcification is well 
demonstrated. 



Fig. 2 


Photomicrograph of section of tissue removed from Fracture No. 220-43 at the end of the 
experiment (fifteenth day). Calcification is well demonstrated by the Kossa staining technique. 

marked increase in the inorganic-phosphorus level. This value was as high as 18.7 milli- 
grams per 100 cubic centimeters for the hematoma fluid, whereas the circulating venous 
blood has a level of from three to four milligrams per 100 cubic centimeters. Within the 
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next forh’-cight liours tlic inorgauic-phospliorus level in the hematoma fluid had fallen 
to a concentration which approximated the level in the venous blood. The inorganic- 
phosphorus determination remained at about the same value in the hematoma fluid and 
in the venous blood until the seventh to tenth day, when there was an increase in the 
inorganic phosphorus in the hematoma fluid. At the end of the experiment, the value for 
the hematoma fluid was as high as 7.4 milligi'ams per 100 cubic centimeters, which was 
almost twice the level in the venous blood. 

The alkaline phospliatasc had a rather characteristic curve, (Chart I). Soon after the 
fracture had been produced, the phosphatase level in the hematoma fluid was about the 
same as that in the circulating blood, or lower. It was maintained at about the same level 
as in the venous blood until the seventh to the fifteenth day, at which time there was a 
marked elevation in the phosphatase activit}', witli values as high as fifty-six Bodansky 
units. 

In correlating these three determinations — that is, the pH, the inorganic phosphorus, 
and the alkaline phosphatase — it was found that, as the pH became alkaline, there was a 
marked increase in the amount of alkaline phosphatase and a moderate increase in the 
inorganic-phosphorus level in the hematoma fluid. Biopsies were made of the fracture 
material, and in six out of eight fractures there was definite calcification (Figs. 1 and 2). 
In the remaining two there was questionable calcification. There was no demonstrable 
calcification in a series of six fractures from which material for biopsy was obtained prior 
to these biochemical changes, — that is, before there was elevation in the alkaline phos- 
phatase. 

DISCUSSION 

"Hiese experiments support the thesis that alkaline phosphatase is involved in the 
process of calcification, as seen in fracture repair. The experimental evidence would indi- 
cate that the phosphate-ion concentration is increased, at the site of calcification, by a 
complex enzyme mechanism in which alkaline phosphatase is involved. This is contrarj’- 
to the theory of fracture healing proposed by such workers as Stirling and IMurrayi' They 
postulate that the high local acidit}’’ at the fracture site produces an ideal medium for an 
increase of calcium, and that the subsequent change to local alkalinity in the fracture 
hematoma promotes precipitation of the calcium phosphates. No actual direct measure- 
ment of calcium concentration is reported to support this theorju The pH changes may 
affect the calcium-ion concentration in the fracture hematoma, but there are probably 
more decisive changes in the phosphate-ion concentration, which make possible a precipi- 
tation of some form of calcium phosphate. 
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SARCOID OF BONE 


Report of a Case 


BY MAJOR C. D. L. CROMAR, CAPTAIN B. R. MURPHY, AND LIEUTENANT COLONEL C. M. GARDNER 

lioyaJ Canadian Army Medical Corps 

CLINICAL FEATURES 

Sarcoid of bone (also known as Jiingling’s disease and Boeck’s sarcoid) is seen most 
frequentl}^ in young adults, particularly in males. The onset is usually insidious. The 
bones of the hands and feet are most commonly affected, but cases have been reported 
Avhich involved the long bones. There may lie no external evidence of the disease, but 
usually there is irregular enlargement of the fingers or toes. Subcutaneous nodules may 
appear about the interphalangeal joints, and in advanced cases there may be gradual 
disappearance of the terminal phalanges. Pain may be jiresent in the early stages, but it is 
never severe. The roentgcnographic changes arc so characteristic that thej'' may be easily 
identified by anyone who is familiar with the disease. 

Jungling described three main roentgcnographic pictures, although intermediate and 
mixed forms are common. Type 1 is a diffuse mottling or speckling of the affected bone, 
sometimes showing slight expansion of the cortex. Type 2 is characterized by a punched-out 
appearance, which gives the impression of translucent cysts in the substance of the bone. 
These cysts tend to fuse and to form larger cysts, but they seldom involve the periosteum 
or the joints. The punched-out areas, however, arc not cystic in the true sense of the word, 
but contain semisolid granulation tissue — a fact which caused Jungling to substitute the 
word cystoides (cystlike) for cystica in his second paper. Type 3 shows a loss of density 
and a latticework appearance {Gitterstruktur) in the substance of the bone, without any 
alteration of the contour. 


PATHOLOGICAL CHARACTERISTICS 

On pathological examination, the lesions appear as semisolid granulation tissue, char- 
acterized histologically by the presence of clumps of epithelioid cells, arranged in tubercle 
formation and surrounded by lymphocytes. Giant cells may be in evidence, but actual 
necrosis of tissue is not seen and the ilf y cobacterium tuberculosis cannot be demonstrated 
in the lesions. The constitutional reaction is seldom marked, and the blood picture is not 
characteristic. Salvesen observed an elevation of the level of total protein in the serum in 
three out of four cases of generalized sarcoidosis, but his observations have not been sub- 
stantiated by others. Although the disease runs a chronic course, it exhibits a natural 
tendency to improvement, and over a period of years complete healing may take place. 

ETIOLOGY 

The origin of the group of lesions to which sarcoid of bone belongs is still obscure. 
Most writers have emphasized the resemblance to tuberculosis, but the Mycobacterium 
tuberculosis has seldom been found in the lesions and, when present, has been regarded as 
a purety incidental finding. The intradermal tuberculin reaction is usually negative, and 
Jadassohn has postulated a “positive anergy” for the disease. This hypothesis is supported 
in the report of a case by Schaumann, in which the patient contracted pulmonary tubercu- 
losis of bovine origin, which led to the spontaneous disappearance of sarcoids of the skin, 
lympli nodes, and fingers. Lemming injected a large dose of living BCG A^accine into a 
typical case of uveoparotitis and caused a local reaction, with enlargement of the regional 
lymph nodes. In this case the Mantoux test remained negative, eA'^en after the injection of 
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five milligi'ams of old tuberculin; one of the nodes, which was excised for section, showed 
the characteristics of Bocck’s sarcoid. Repeated injections of large doses of BCG vaccine 
into another jiaticnt with enlarged mediastinal nodes failed to alter the negative iMantoux' 
test. 

From this evidence, it is tempting to postulate that the causal organism of this group 
of diseases may he an attenuated strain of the Mycobacterium tuberculosis, but the diffi- 
culty of interpreting such findings comes to light when it is recalled that Sabin, Doan, and 
Forkner were able to produce a reaction in connective tissue, similar to that of sarcoid, 
by experimental injection of the phosphatide fraction A-3, derived from the lipoid envelope 
of the Mycobacterium tuberculosis. Murdock and Hutter state that the bon}-^ changes in 
the hands and feet closely simulate those of leprosy, but the Mycobacterium leprae has 
not been found in the lesions; and Pautrier reports that tissue inoculated into guinea pigs 
and iNIacacus monkeys has given negative results. In summaiy, although most observers 
» regard the disease as an atypical form of tuberculosis, there is little direct evidence to 
support their contention. 


DIFFERENTIAL, DIAGNOSIS 

The roentgenogi'aphic appearance is sufficient!}^ characteristic to render the diagnosis 
of sarcoid of bone fairly simple. The few conditions with which it could be confused are 
as follows: 

1. Dactylitis Tuberculosa-. Dactylitis tuberculosa usuall}" occurs in infants, whereas 
sarcoid of bone is seen in adults or adolescents. Dact 3 ditis tuberculosa is associated with 
greater deformity of the bones and with necrosis; caseation and sinus formation are usually 
eiddent. The cutaneous tuberculin test is usually negative in sarcoid of bone, and Myco- 
bacterium tuberculosis cannot be demonstrated in the tissues. 

2. Leprosy: The lesions of leprosy are associated with severe destructive osteitis of 
the phalanges and irregularity of the interphalangeal joints. The nutrient foramina of 
the bones are unduly prominent in leprosy. 

3. Syphilis: The diagnosis of syphilis can be established by means of serological 
reactions and by other CAudences of the disease. 

4. Gout: The diagnosis of gout is usually evident from the histoiy, the blood chem- 
istrj’^, and the response to treatment. 

5. Traumatic Cysts: Brailsford has described the occurrence of cysts in the carpal 
bones of men who have used compressed-air drills for ten years or more. In these cases 
the historj’^ of occupational exposure to prolonged trauma should be readily aA’^ailable. 

TREATMENT 

The question of specific therapy can be dismissed in three words; There is none. 
Arsenic, ultra-violet light, roentgen rays, and radium haA’e all been tried, without benefit. 
Chaulmoogra oil has been used, because of the resemblance of the lesions to those of 
leprosy, but beneficial results hai-e not been reported. It will be remembered that the 
disease shows a tendenej^ to spontaneous improA'ement. 

CASE REPORT 

On Februarj' S, 1945, F. TV., aged twenty-four years, a gunner in the Roj-al Canadian Artilleiy, was 
admitted to Montreal Militarj' Hospital, complaining of pain in the left wrist. He stated that he had 
been perfectly well until 1941, when he was dnxdng a hea\-j' armj- truck over a rutty road and the 
steering wheel suddenly “spun”, twisting his left wrist. Ho roentgenograms were taken. The wrist 
remained painful for a week, and during that time he wore a simple bandage for support. After this 
accident he noticed that his left wrist was weak, and he experienced pain in the wrist when he lifted 
: anything hea\-j- or attempted to bear weight on the wrist. Two years before admission to the Hospital, 
a lump appeared on the volar surface of the wrist, but it did not increase appreciably in size. The wri't 
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gracluailj’ became more painful, and 
shorllj' after D-claj' it began to be stiff. 
At tliat time tlie patient was on active 
service in France, and lie was able to 
continue bis regular duties without ap- 
preciable disabilit 3 ^ In October 1944, 
an upper respiratoiy infection developed 
and he was admitted to a general 
hospital overseas. While there, roent- 
genograms were made of the loft wrist. 
A cj'stic condition of the carpal bones 
was discovered, and the patient was re- 
patriated to Canada. 

The famib’’ history was non-contrib- 
utoiy. The patient’s father and mother 
were alive and well. Eight siblings were 
alive and well. One sister had died of 
pneumonia. There was no history of 
tuberculosis, cancer, or diabetes among 
the immediate relatives. The patient 
denied any serious illness in the past, 
and had never been subjected to surgical 
operation. 

General phj’^sical examination was 
cssentiallj’' negative. The patient ap- 
peared to be a healthy, vigorous, 5 'oung 
adult male. The skin was healthj', there 
was no evidence of disease in the chest, 
nor anj' enlargement of the Ij’mph nodes, 
liver, or spleen. 

Examination of the left wrist showed 
a fluctuant, tender s^veIling, measuring 
about one centimeter in diameter, sit- 
uated on the volar surface of the left wrist, just distal to the styloid process of the ulna. It was 
not attached to the skin, but seemed to arise from the deeper tissues, to which it was firmly ad- 
herent. There was no local heat or other sign of inflammatory reaction. There was no wasting of the 
left arm, but the grip of the left hand was less than normal. Dorsiflexion was limited by 15 degrees; 
palmar flexion was limited by 20 degrees and caused pain in the volar aspect of the wrist. Supination 
and pronation were full and painless. There was an area of acute tenderness to palpation over the 
scaphoid bone and over the mass, just distal to the ulnar stjdoid. 

Roentgenograms of the left wrist, taken on February 2, 1945, showed small areas of bony destruc- 
tion, cystlike in appearance, which formed punched-out lesions involving the triangular bone, the greater 
multangular, the capitate bone, the lower extremity of the radius, and the bases of the second and third 
metacarpals (Fig. 1). The joint spaces were free and there was no peculiarit 3 '^ of the soft tissues. The 
remainder of the skeleton was examined under the fluoroscope, but no other abnormalities were detected. 
Fluoroscopic examination of the chest was reported as negative. 

The urinalysis was reported as negative. The blood examination was as follows: 



Fig. 1 

Roentgenogram of the left wrist. Note the cystlike areas 
in the lower end of the radius and in the carpal bones. Tliose 
in the metacarpals are not well demonstrated in this plate. 


Red blood cells 
Hemoglobin 
White blood cells 

Polymorphonuclear neutrophils 
Segmented 
Non-segmented 
Monocytes 
Lymphocytes 
Eosinophils 
Coagulation time 
Bleeding time 


5,070,000 
95 per cent. 

9,050 

61 per cent. 

5 per cent. 

4 per cent. 

27 per cent. 

3 per cent. 

4 minutes and 23 seconds 
2 minutes and 33 seconds 


The sedimentation rate was five millimeters per hour. The Wassermann reaction was negative. 

On March 3, a biopsy was performed (by D.R.M.) on tissue from the sn-elling on the front of the 
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Fig. 2 

Photomicrograph of excised tissue. Note islands of epithelioid cells, surrounded by IjTnpho- 
Cidic infiltration. A giant cell is visible near the center of the field. There is no e\’idence of 
coagulation necrosis. 

left wrist. The mass was found to consist of muddy, soft, yellowish granulation tissue. Histological 
examination was made, and all sections showed fibrous tissue in which there were focal areas of granu- 
lomatous inflammation. This expressed itself as clusters of epithelioid cells and occasional giant cells. 
The Mycobacterium tuberculosis was not seen in any of the sections. There was no coagulation necrosis 
(Fig. 2). 

The wound which had been produced when tissue was removed for biopsj* healed by first intention, 
and on March 29 the patient was discharged from the Hospital, to begin thirt 3 ' daj-s’ disembarkation 
leave. 

He was readmitted to Montreal Mihtaiy' Hospital on May 2, still complaining of slight pain in the 
left \\Tist. Examination showed that there had been no change in the power and movement of the wrist. 
The wound caused b 3 - removal of the tissue for biops 3 " was well healed. An intradermal tuberculin test 
was performed, using 0.5 milligram of old tuberculin ; when read, forty-eight hours later, it gave a nega- 
tive result. A roentgenographic examination, on Ma 3 ' 4, showed both lung fields to be clear. There was 
some evidence of healing, especiall 3 ' at the lower end of the radius and m the scaphoid bone. 



COMMENT 

This case illustrates most of the points -which Jiingling held to be characteristic of 
sarcoid of bone. The history of trauma to the -n'rist in 1941 was probably incidental, a-nd 
it is doubtful whether it had any direct bearing on the development of the disease. Trauma 
has not been regarded of etiological significance by any of the authors who have written 
about the disease. In typical cases of sarcoid of bone, the bone lesions are predominantly 
in the metacarpal bones and phalanges of the hands and in the metatarsal bones and 
phalanges of the feet, but cj'st formation in the bones of the carpus is well shown in one 
of the roentgenograms depicted in Jungling’s second paper. The insidious onset of the 
condition, and the relative absence of disability in the early stages, are brought out well 
when it is appreciated that this soldier sought no medical care for his -wrist for a period of 
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four years, and was able to carry out tlie full duties of a gunner, even under the arduous 
conditions of the D-day landing on (ho coast of France, wi(,hout apparent disability. 

The roentgenographic jneture of multiple cysts in the bones of the carpus, the meta- 
carpals, and the bones of the forearm fits in well with Jiingling’s Type 2 lesion. The tend- 
ency of the cysts to fuse and to foi-m larger cysts is well borne out. Both macroscopically 
and microscopically, the biopsy siiccimcn exhibited the lesions in typical form. The ab- 
sence of caseation and the failure to demonstrate the Mycobacterium tuberculosis are 
both characteristic of the disease. Skin lesions and lymph-node enlargement, although 
frequentlj'- found in association with the osseous cysts, wci-c not present in this case. The 
intradermal tuberculin test was negative, which is the usual finding in this disease. No 
specific treatment is known to have had any effect upon the disease. 

The patient will be discharged from the Army and arrangements will be made for 
his return to civilian life. Meanwhile, the forearm and wrist will be immobilized in a 
plaster-of-Paris cast from the metacarpophalangeal joints to the fold of the elbow, with 
the wrist in the position of optimum function. The most recent roentgenograms showed 
more evidence of healing than those taken a month previousl}'’, and it is hoped that healing 
will be accelerated by placing the diseased part at rest. 
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SPASMODIC TORTICOLLIS 

Severe Organic Type Treated by Combined Operation, Rhizotomy, and Fusion * 

BY ALFRED M’. ADSON, M.D., H. HERMAN YOUNG, M.D., AND 
RALPH K. GHORMLEY, M.D., ROCHESTER, MINNESOTA 

From the Sections on K enrosurgery and Orthopaedic Surgery, Mayo Clinic, Rochester 

The term “spasmodic torticollis” is applied to a group of manifestations consisting 
of spasm of one or more muscles of the neck. These manifestations may result from emo- 
tional instability; from an organic lesion affecting the basal ganglia, peripheral nerves, 
or muscles; or from a combination of these factors. Not infrequently the discomfort and 
disability become so severe that surgical intervention is required. 

Numerous surgical procedures haA’e been emplojmd, but, in extreme cases, extensh'e 
rhizotomy of the upper cervical nerves and section of the spinal accessorj' nen'es become 
necessarjL Occasionally, bilateral section of the upper three cervical nerves, combined 
with section of both spinal accessory nerves, results in subluxation of the upper cervical 
A^ertebrae which interferes with swallowing, breathing, and talking. When this occurs, a 
method of fixation to prevent the subluxation becomes necessary. The procedure outlined 
here has been employed to correct this deformitj’- and to relicA'e spasm of the organic type. 

ETIOLOGY 

The etiologj" of the various types of spasmodic torticollis is not clearly defined, al- 
though it is agreed generally that two factors are responsible for the muscle spasm: (1) 
psychogenic or emotional imbalance (psychogenic or functional type) and (2) structural 
changes in the neuron system supplying the muscles affected- (organic tjqje). Rugh has 
stated that the psychogenic type is due to mental or physical stress in a neurotic person. 
The inherent instability of the nervous system, whether it be congenital or acquired, 
renders the nerve cells at the base of the brain especially susceptible to external stimuli 
from occupation or surroundings. He further stated that the cells are in a state of debility 
or exhaustion from overuse, which renders them susceptible to irritath^e and stimulative 
external conditions, but which is not followed by degenerative or pathological changes 
in the cells. 

Spasmodic torticollis, resulting from structural change in the neurons to the affected 
muscles, may vary in character. Hyslop stated that torticollis of peripheral origin is due 
to a disorder in innervation. According to him, the defect maj'^ lie in the peripheral reflex 
arc and may be due to some form of inflammatorj'^ lesion, affecting either the muscle itself 
or the segments of the peripheral-nerve trunks supplying the muscle. Occasionally the 
spasm may be a compensatory reflex, such as occurs in certain types of ex-tra-ocular 
paresis or imbalance. Instances have been described in which the stimulus which causes 
the muscle spasm apparently originates in the A’-estibular apparatus. Grinker made the 
statement, however, that the labyrinthine disturbance probablj"^ is due to a unilateral 
lesion of the brain stem. Rugh further stated, in a discussion of torticollis of central 
origin, that the torticollis represents the end result of stimuli. These stimuli may origi- 
nate either in the cerebral cortex (which maj'- be structurallj’’ perfectly healthy) , or they 
may arise out of some structural or physiological alteration of function in the basal gang- 
lia. He further observed that the severity of torticollis of central origin shares with cer- 
tain other types of abnormal movements the tendency to varj^ with alterations in the 
patient’s state of mind. He suggested that torticollis of central origin may be the result 

* Read at the Annual Meeting of The .American .Academy of Orthopaedic Surgeons, Chicaao, Illi- 
nois, Januarjr 21, 1946. 
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of certain primarj^ infections of tlie nervous system. In particular, epidemic encephalitis 
is known to produce the symptoms. Alpers and Draycr found pathological changes in the 
large cells of the caudate nucleus and the putamen. It is generally agreed that, in the 
functional type of spasmodic torticollis, no changes occur in the affected muscles or fascia; 
whereas, in the organic type, pathological changes may occur. In dystonia following en- 
cephalitis, spasmodic torticollis may be only part of the clinical picture. Congenital tor- 
ticollis is believed to be due to anomalous development, plus structural changes in the 
muscles characterized by contractures. The condition frequently referred to as wry-neck 
invariably is the result of myositis. 

SYMPTOMS AND SIGNS 

Spasmodic torticollis may involve one or more muscles of the neck, and the spasms 
maj'' be tonic or clonic, or a combination of both. At the onset, the muscles on one side 
may be affected, but the condition may progress to involve the muscles on both sides. The 
muscles usually affected are those supplied by the spinal accessory nerves and the motor 
branches of the upper three cervical nerves. The sternocleidomastoid, the trapezius, and 
the splenius are the muscles which usually produce the deformities of which patients com- 
plain. When smaller muscles are affected, the abnormal positions of the head are less 
pronounced. Unilateral spasm of the sternocleidomastoid and trapezius muscles results 
in rotation of the chin to the opposite side, in an upward and outward direction. When 
the splenius muscle is involved on one side, the head is retracted posteriorly and to the 
same side. When the muscles on both sides are involved, the chin may first be tilted in 
one direction and then in the other. One side is usually affected more severely than the 
other. In the organic type, the spasms are more tonic than clonic. Pain is a frequent and 
severe symptom in the advanced stages. The continued tonic or clonic spasm results in 
marked hypertrophy of the muscles involved. Accompanying hypertrophy is a fibrotic 
change, which results in permanent contractures in many cases. These are not relieved 
by nerve section, but require, in addition, tenotomy and myotomy of some muscles. 

The progress of the disease is not constant. In some cases the disease may gradually 
involve adjacent muscles and remain unilateral, while in others it may progress to muscles 
of the other side. Occasionally the muscles on both sides are affected equally at the same 
time. If the patient has had encephalitis, it is possible that the torticollis may be the 
initial postencephalitic symptom; therefore, caution should be employed in advocating 
any radical treatment, since other muscles, especially those of the trunk, may beconn 
affected subsequently and the patient may be further incapacitated. In all cases, the 
symptoms subside when the patient is asleep. Often the patient controls the clonic spasms 
by supporting the chin with the hand or by resting the head on the back of a chair. The 
symptoms invariably are exaggerated when the patient meets strangers, is being observed 
by physicians, or is subjected to emotional strain. 

DIFFERENTIAL DIAGNOSIS 

The most difficult problem in the study of patients suffering from spasmodic torticollis 
is to determine whether or not the manifestations are of psychogenic or organic origin. It 
is extremely important to make this distinction, because surgical procedures are not justi- 
fied in the psychogenic type of case. At the Mayo Clinic, these patients are studied care- 
fully from general physical, neurological, and psychiatric points of view before treatment 
is recommended. 

A review of a patient’s medical history is extremely essential for, if remissions in the 
course of the disease have occurred, the condition is probably of psychogenic origin. Tlie 
medical history will reveal the relationship of the onset of symptoms to the patient’s 
emotional reactions to his environment. 
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After the psychogenic factors have been im^estigated, it is necessarj^ to determine the 
presence of any previous cerebral or meningeal diseases or injuries to the brain, nerves, or 
muscles. If any such diseases have occurred, thej'' would point toward an organic basis 
for the development of the patient’s symptoms. Even though there is an organic basis, 
the symptoms arc usually exaggerated bj' the emotional reaction of the patient. In the 
organic type, the spasm is more likely to be tonic than clonic, and furthermore, hj^ier- 
trophy of the affected muscle is greater than it is in the functional type. In the psycho- 
genic or functional type, the patient is inclined to toss his head from side to side, the 
movements are jerky, and the muscles are more easilj’’ relaxed than when the lesion is of 
the organic type. When the symptoms are of organic origin, contraction of the muscles 
will begin in a slow movement, spread until the height of a contraction is reached, and 
continue for a much longer period than it does when the condition is of functional origin. 

Nerve block with procaine hydrochloride has been used in an attempt to differentiate 
further between the psychogenic and organic types. In the organic type, spasm in the 
muscle disappears when the nerves are completely anaesthetized, while in the functional 
type, in spite of thorough anaesthetization of the nerves, the patient will continue to toss 
or jerk the head in a series of abnormal movements. Though this response to the test is 
not absolutely pathognomonic of an organic lesion, the test is of value in differentiating 
between organic and functional types. 

Unilateral block of the spinal accessorj’^ nen'e and the upper three cervical nerves 
with procaine hydrochloride is of additional value in determining the presence or absence 
of spasm, or the degree of spasm on the side opposite to the muscles chieflj’' involved. 
Thorough relaxation of the affected muscles permits the opposite group to perform without 
interference. This test is significant, because unilateral section of the spinal accessory 
nerve would not be adtysable if the muscles on the opposite side are affected also. 


TREATMENT 

Conservative Measures 

The treatment of spasmodic torticollis is based upon the severity and duration of 
symptoms and the type of torticollis present. Since types may overlap, a conservative 
course of treatment should be employed first in all cases. By conservative treatment is 
meant the use of s medical regimen before any surgical procedure is advocated or performed. i 
The medical regimen usually consists of prolonged rest, change of vocation, and the use of 
physical therapy ; the administration of drilgs, such as belladonna (rabellon) , scopolamine, 
phenobarbital, vitamin B (especially nicotinic acid), and occasionally quinine; and the 
use of a plaster cast to immobilize the head and neck. 

The authors’ experience with the conservative treatment of spasmodic torticollis has 
not been encouraging, particularly in cases of the organic type. This experience covers 
use of traction to the head when the patient is recumbent in bed, various types of braces 
to support the head, and plaster casts; as wejl as physical therapy, including massage, 
diathermy, electrotherapy, and exercises. Many^ of the patients were more comfortable 
and often the spasmodic contractions ceased when they were in bed, especially if traction 
had been applied to the head. In no instance, however, was improvement of a permanent 
nature derived from such treatment. 

Some years ago, after encouraging reports had appeared on the results of prolonged 
fixation in plaster-of-Paris casts, this method of treatment was tried in several cases. In 
most instances, the casts were applied carefully’’ with the patients under general anaes- 
thesia to ensure maximum relaxation. The casts covered the head and shoulders and, in 
some cases, extended down to the level of the lowest rib ; in other cases they' exiended to 
the pelvis. Most of the patients could not or would not tolerate the casts for more than a 
few days, and it became necessaiy to remove them. In one or two cases the casts were 
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tolerated for a long period. In one case in which a cast was tolerated for several months, 
some benefit was thought to have followed its use, but it is doubtful whether the cast had 
any more to do with the improvement than the enforced prolonged rest. The case was one 
of extensive muscular dystonia with maximal spasm in the neck, and was not one of a 
strictly localized spasmodic torticollis. Our clTorts with iilaster-of-Paris casts, therefore, 
were discouraging. The same may be said of various types of braces to support the head. 
It is almost impossible to make a brace that holds the head steady, and the constant 
tugging and irritation arc more than the jiatient can tolerate, except in the mildest 
cases. 

In some instances of functional origin, these conservative measures have been found 
helpful and usually can be tolerated. Tlic diagnosis of a functional type of spasmodic 
torticollis, therefore, justifies tlie use of such measures for a long period. 

Surgical Treatment 

When conservative measui’cs fail in the treatment of the organic type, and when the 
symptoms are severe enough to jiroducc jiain and interfere with normal activity, operation 
must be considered, csjicciall}'' if an organic basis for the symptoms has been found. 

Various operative procedures have been employed. The indications for each depend 
on the degree of spasm and contracture present and the extent of involvement. The 
operative procedures used, which will be mentioned in more detail, are as follows: uni- 
lateral section of the spinal acccssoiy nerve in the neck; bilateral section of the spinal 
accessory nerves ; section of one or more spinal accessoiy nerves, combined with section of 
the upper three cervical nerves as thej'- leave' the intervertebral foramina; section of the 
spinal accessory nerves and cervical nerves, with tenotomj’- and myotomy of the contracted 
muscles ; combined operation-, which includes an intracranial bilateral section of the spinal 
accessory nerves and rhizotomy of the upper three cervical nerves through a laminectomy 
wound; and a bone graft placed in the occipitocervical field after section of the spinal 
accessory nerves and rhizotomy of the upper three cervical nerves, when evidence of a 
subluxation of the upper cervical portion of the spinal column is found following extensive 
section of nerves.- 

Single or bilateral sections of the spinal accessory nerves are employed only when the 
sternocleidomastoid and the trapezius appear to be the muscles chiefly affected. The addi- 
tional section of the cervical nerves is resorted to when the splenius capitis, the splenius 
cervicis, and the levator scapulae muscles also appear to be included in the unilateral 
spasm complex. The results of these procedures are not too gratifying, but they reduce 
the spasm to such an extent that the patient is able to carry on with his work. 

In this series, section of the spinal accessory nerve was performed in twenty-one cases. 
In two, bilateral section was performed. One patient was completely relieved, sixteen were 
improved, and four obtained no relief. In four additional cases, cervical unilateral section 
of the spinal accessory nerve and the upper three cervical nerves was performed, and little 
or no relief was obtained. 

If satisfactory relief is to be obtained when several muscles on both sides of the neck 
are affected, a major procedure is necessary. This procedure consists of bilateral section 
of the spinal accessory nerves and bilateral rhizotomy of the motor roots of the upper 
three cervical nerves. In some cases in which this procedure has been employed, the spinal 
accessory nerves have been divided in the cervical region prior to laminectomy and rhizot- 
omy. The nerves were identified on the mesial side of the sternocleidomastoid muscle 
before they entered the muscle. The rhizotomy was performed through a laminectomy 
incision, which consisted of bilateral removal of the lamina of the first and second cervical 
vertebrae. No difficulty ever is encountered in identifying the second and third cervical 
roots, but occasionally the first cervical motor root may be overlooked, since it is intimately 
associated with, and lies anterior to, the vertebral artery as it enters the cranial cavity. 
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Intvaspinal section of the spinal accessoiy nerves lias not alwaj’-s been satisfactory, 
because section of these nerves at the level of the first cervical nerve root has not included 
all of the motor fibers passing into the nerve. For this reason, intracranial section of the 



Fig. 1-A 


Fig. 1-B 


Sublusation with anterior cuivature of upper 
cen-ical vertebrae. 


Correction of subluxation by wearing a cel- 
luloid collar. 


spinal accessoiy nerves just as they 
enter the jugular foramina has been 
performed. This extensive procedure 
of bilateral intracranial section of the 
spinal accessory nerves, and bilateral 
rhizotomy of the upper cervical roots, 
has given some satisfactory results. 

The muscle spasms have been com- 
pletely relieved, without too much 
interference with the movements of 
the head and without too much de- 
formity from atrophy. In certain 
cases, however, subluxation with an- 
terior curvature of the upper cervical 
vertebrae has resulted; the patient’s 
head has fallen forward; and the 
mandible has pressed into the neck 
in such a manner as to interfere with 
breathing, swallowing, and speaking 
(Fig. 1-A) . This deformity may be 
corrected partiallj’^ by the wearing 
of a Thomas collar or an especiallj’^ 
adapted celluloid collar (Fig. 1-B). Patients object to wearing this collar for the rest of 
their lives, however. The subluxation is most likely to occur in cases in which the patient 
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a: Removal of the bone graft from the crest of the 
ilium. 

b and c; Further preparation of the bone graft by 
dividing it into tWb parts. 
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FlO. 3 

a: The incision emplo3'ed to e.\pose the occipital bone and upper cervical portion of the spinal 
column. 

b: The positions of the two trephine craniotomies employed in sectioning the spinal accessory 
nerves. 

c: The site of the intracranial section of the spina] accessory nerve. 

has a rather large and lieavy head, because the weight of the liead causes it to tilt forward 
on the cervical portion of the spinal column. Subluxation also occurs in patients who are 
compelled to perform heavy manual labor and in persons who frequently shift the position 
of their bodies in performing their duties. 

The complaint of forward displacement of the head with difficulty in breathing, 
swallowing, and speaking, plus the nuisance of wearing a collar, prompted the authors to 
devise an operative procedure which included bilateral intracranial section of the spinal 
accessory nerves (Fig. 3) and bilateral rhizotomy of the upper three cervical nerves (Fig. 
4) , with the introduction of a bone graft which had been taken from the ilium and placed 
in the occipitocervical space. The graft was shaped so that it could be transfixed to the 
postero-inferior surface of the occipital bone, placed laterally over the ends of the first 
and second cervical laminae, and lateral to the spines of the cervical vertebrae over the 
third, fourth, and fifth cervical laminae. 

Bone from the iliac crest is most suitable for the bone graft. Bone from the anterior 
portion of the iliac crest is preferred, as a longer piece of bone can be obtained than from 
the posterior portion. The first step of the bone-grafting part of the operation is carried 
out with the patient in the supine position. An incision is made along the anterior third of 
the iliac crest to a point one inch *{2.5 centimeters) below the anterior superior spine. The 
muscle is carefully dissected from the iliac crest and the anterior superior spine for a dis- 
tance of about three inches (7.6 centimeters). The ilium is stripped free of all attachments 
'^'^wnward for about one inch from the crest, and this portion of the ilium is removed with 
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a sharp osteotome. Tlie graft then is split longitiiclinall}’', as sliown in Figure 2. As a rule, 
the graft is found to fit fairly well into the bed prepared for it and the contour of the 
anterior superior s]nne fits well into the occipito-atloid angle. Before placement of the 
graft, holes are drilled in both upper ends in oi'der to pass the wire through the graft, as 
well as through the holes previously made in the skull lateral to the mid-line. Half of the 
graft is placed on each side of the vertebra to act as a roof over the spinal canal. The wires 
are passed through the two pieces of the graft and the holes in the occiput, and are twisted 
until they hold the graft snugly against the occi])ut and atlas. The grafts may be trimmed 
along their border to ensure accurate fitting against the other cervical vertebrae (Fig. 5) . 

Where a sufficient amount of lamina is left, the edge of the graft can be placed firmly 
against it and, when the upper end of the graft is fixed, the danger of slipping is minimized 
(Fig. 6) . The lower end of the graft is held in place by suturing the muscles firmly over it. 

After closure of the wound, a plaster cast is applied. This must cover the head, neck, 
shoulders, and most of the thorax. It should be applied carefully and should be padded 
carefullj", but not too heavily. Openings should be made for the ears, as well as for the face. 

Various other types of fixation 
have been used; these usually 
have been plaster shells, made 
before operation, and metal and 
leather splints. Their use has 
the advantage of shortening the 
time on the operating table, but 
neither can be made to fit as ac- 
curately or as satisfactoril)’' as 
the cast which is applied care- 
fully at the end of the operation. 

Two weeks after operation, a 
window is cut in the cast and the 
sutures are removed through it. 
Care must be taken to see that 
the cast is not weakened at this 
stage. If it is weakened, it should 
be reinforced to prevent breaking. 
The cast should be worn for from 
ten to twelve weeks. After its re- 
moval a metal and leather collar 
is made, and this is worn for an 
additional three months. If, at the 
end of three months, roentgeno- 
grams show solid union of the grafts in the occipitocervical region, the support may be dis- 
continued. If sufficient union has not taken place, the support should be continued until 
union is complete. 

The following observations were made by the authors while they were developing this 
extensive combined operation of intracranial nerve section, rhizotomy, and fusion: In one 
patient the combined operation was performed successfully and the relief of muscle spasm 
in the neck was satisfactory, but dystonia developed, chiefly in the muscles of the back 
and trunk. The patient was incapacitated and the operation was made of little or no value. 

In another patient, bilateral section of the spinal accessory nerves and unilateral 
section of the upper three cervical nerves were first performed through an incision pos- 
terior to the sternocleidomastoid muscle. The immediate temporary result appeared to be 
satisfactory, but the patient returned with an extension of symptoms which necessitated 
the combined operation. The results seemed satisfactory, but before the plaster cast was 
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Diagram illustrating the position of the bone graft. The 
length of the graft and the close contact made with the 
occipital bone should be noted. 
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Fig. 7 Fic. S 

Fig 7' Results accomplished in permanently correcting the sublu\ation bj’ use of a bone graft. 
(Same patient as shown in Figs. 1-A and 1-B ) 

Fig S Subluxation of the cervical \ertebrae has been prevented b 3 ' the combined operation, 
which included section of spmal nerves, rhizotomj’ of cerv'ical nerves, and fusion. Roentgenogrant 
taken three j’ears after operation. 


applied to the head, neck, and trunk, symptoms of pressure on the medulla suddenly 
developed and the patient died. Her death undoubtedly was due to slipping of the bone 
graft. This prompted a change in the technique so that at present, longer, double bone 
grafts are used, which are more thoroughly fixed to the occipital bone by heavier silver wire. 

In another case, the authors ligated a rather large intervertebral arterj' which fol- 
lowed the second cervical nerve, believing the adequate blood supply to that portion of 
the cord came from the dorsal and anterior spinal arteries. Unilateral pyramidal signs 
developed after the operation and subsequently the patient died. This patient did not 
have a bone graft, but did have the extensive operation of section of the spinal accessorj' 
nerves and rhizotomy of the cerxdcal nerves. 

In still another case, respiratory difficultj'^ was encountered when the fourth cermcal 
motor roots on both sides were included in order to denervate the splenius muscle thor- 
oughly. Pneumonia developed, and the patient succumbed. 

Another patient was relieved of spasm following the major nerve operations, but was 
compelled to wear a brace until a graft was introduced, which resulted in adequate fusion, 
corrected the deformity, and eliminated the necessity of wearing a collar (Fig. 7) . 

One patient required additional surgery. The first operation was performed on iSTo- 
vember 27, 1942, at which time bilateral rhizotomy of the upper three cervical nerves, 
with an intraspinal section of the spinal accessorj’’ nerves at the level of the first cermcal 
nerves, was combined with a fusion operation. Unfortunately, certain spasms and con- 
tractures still remained, so it became necessarx' to section the cermcal nerves in the neck 
on the mesial side of the sternocleidomastoid muscles, and to perform myomectomy of the 
sternocleidomastoid muscle on the right side to relieve the contractures in this muscle. 
This man has been obsen-ed from time to time and the ultimate result is extremelv satis- 
factory' (Fig. 8) . The time interval from the original operation to the last intciwiew was 
three years. 
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COMMENT 

In view of late results in the two cases just mentioned, the authors believe that the 
combined operation — bilateral intracranial section of the spinal accessory nerves and 
bilateral rhizotomy of the ujiper three cervical nerves, particularly the anterior roots, with 
the introduction of a bone graft at the same operation — is indicated for patients with 
marked muscle spasm on both sides, wlio arc compelled to do manual labor, and for those 
who have large heads. The major operation on the nerves can be employed without a 
bone graft for patients whose occupations do not require manual labor. If difficulty in the 
forward tilting of the head should occur, with impairment in breathing, swallowing, or 
speaking, a subsequent operation for fusion could be performed. This combined operation 
of section of nerves and fusion of bone is a major procedure, and should only be employed 
when the patient is incapacitated as the result of spasmodic torticollis. 
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HISTORICAL BACKGROUND 

Lanibotte has practised the axial method of osteosynthesis of the cla%dcle since 1907. 
In 1910, at the Societe Beige de Chirurgie, he presented a communication on the use of 
longitudinal screivs in fractures with displacement. Later he substituted a carpenter’s 
nail for the screw, because the head of the screw made a projection under the skin; and he 
is actually using a non-oxidizable nail with a groove. About tbe same time he accom- 
plished the longitudinal fixation of subtrochanteric fractures by means of a screw, thirteen 
centimeters long. IMuch later he applied osteosynthesis by a transarticular approach, and 
also subcutaneously in transverse fractures of the phalanges (1924), in fractures of the 
metacarpals, of the upper end of the humerus, and of the lower end of the radius and ulna. 

Since 1935, Joly has advocated axial transfixion, sometimes by open and sometimes 
by closed methods, in a large number of fractures, — of tbe clavicle, metacarpals, phalanges, 
toes, carpal scaphoid, malleoli, and rarely of the head of the humerus. He used a Kirschner 
wire as the material implanted. Danis extolled the use of Kirschner wire to maintain the 
long axis of the bones of the forearm and of the lower third of the fibula in malleolar 
fractures. 

This great Belgian contribution of an original method of osteosynthesis did not seem 
to arouse in foreign countries the interest which it merited. Without examining the reasons 
for this lack of interest, we give several examples. 

In America, in 1937 and in 1939, L. V. Rush and H. L. Rush presented as entirely new 
a technique of longitudinal fixation of the fragments of the superior extremity of the ulna 
or of the femur, by means of a Steinmann pin. In their method the pin projected from the 
skin; this prosthesis was temporary, — that is, after a few weeks it was extracted. 

In England, Lambrinudi in 1940 presented as a discovery the intramedullary use of 
Kirschner wires. “The use of intramedullary wires in the treatment of fractures has, so far 
as I know, not previously been described”, he wrote. He referred to three cases in which it 
was used, — ^two of the forearm and one of the femur. He also lets the wire protrude through 
the skin, and removes it between the fourth and fifth weeks. His idea, if we may judge 
from the comment of disapproval by Watson- Jones in his treatise of 1943, did not seem to 
have a very successful reception. 

The various procedures of osteosynthesis to which we have referred secured longi- 
tudinal fixation by a screw, a nail, a wire, or a pin, which traversed the two fragments for 
a certain distance, following the long axis of the limb, and, when necessary, crossed one 
or even two adjoining articulations. The fixation material might be in tbe cortex or 
might lie obliquely. 

The essential characteristic of none of these interventions is intramedullary, properly 
speaking. 

Following the work of Albee, of Cornioley, of Neuman, and of others, osteosjmthesis 
of the long bones by means of bone grafts, living or dead, was advocated. At times small 
bits of resorbable material were introduced into the medullarj’^ cavity at the site of fracture, 
and they played the role of a bolt or of a pin between the fragments. These procedures had 
nothing in common with the implantation of metal fixation which we are now describing. 

* Orthopaedic Section, Service of Professor A. Hustin. 
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It was Klintsclicr who showed convincinglj'- tluit osteosyntliesis could be secured along 
the medullary cavity of the long bones. His first ])aper was presented in March 1940 tc 
the Deutsche Kongress fiir Chirurgic. He described longitudinal fixation by means of 
metallic material, occupying the full length of the medullary space. The material was 
strong, — a rod of as largo size as the bone canal permitted. The material was introduced 
bj'’ an extra-articular route, as far from the fractm-e site as possible, and without exposure 
of the fracture. The material was completely buried. The end of the prosthesis which 
extended beyond the bone was covered by the soft parts and the skin. The reduction had 
been attained by external manoeuvres before the intramedullary fixation. After consolida- 
tion of the bone, the prosthesis was extracted. Thanks to the adaptability of the material 
and to the technical skill which Kiintscher displayed at the outset, one of the most difficult 
problems of osteosynthesis was soh'ed,— the diaphyseal fracture of the femur. All previous 
operators bj'^ the longitudinal route had onl}’’ dared to operate upon the superficial bone, 
the short bones, or fractures at the extremities of bones. 

The first communication on this method was not well received; it was called an 
“antiphysiological method”! In spite of the theoretical criticisms brought against it, the 
method had a growing vogue in the Central Euro])ean countries. The early results of 
many surgeons appeared to be conclusive; the statistics were ample, the published reports 
were numerous, as shown by the references in our bibliograph5^ 

In France, attention was attracted to this method by its use in the victims of enforced 
labor, men wounded in German}’’, where they were operated upon. When these men re- 
turned to France, they asked their surgeons to remove the prostheses. (See the communi- 
cation of Mondor and Nardi on this subject, presented to the Academic de Chirurgie in 
1942.) Later appeared the fruitful essays of Christian Rocher, of Jeanneney and j\!agen- 
die of Bordeaux, those of Leveuf, and of Michel-Brechet and Godart of Paris (1944). 

In the Scandinavian countries, knowledge of the procedure was widely spread by 
Westerborn in 1944. 

In Belgium, we ourselves have been working on this problem for two years; our first 
operation was performed June 1, 1943 (Fig. 5-B). Our actual experience with this method 
was secured from a total of fifty-five operations. 

OBJECTIONS TO THE METHOD 

The chief objection to medullary pinning is the destruction of the bone marrow. The 
lesions produced blindly might lead to unpleasant sequelae. This apprehension was voiced 
at the first exposition of the technique in 1940; various surgeons asked this question in our 
hearing. Even if the prosthesis should destroy all of the medullary contents, which is 
scarcely probable, we know very well that the individual is easily able to do without the 
hematopoietic element in one of the long bones. Patients who have had amputations which 
entailed the loss of the larger segments of a limb never show evidence of the loss of bone 
marrow in the histological examination of the blood. Also in curettage for osteomyelitis 
and in bone-grafting, there is at times serious destruction of the bone marrow. 

Slany, in 1944, studied the blood of patients subjected to medullary pinning. After 
this intervention he noted an increase in the number of reticulocytes, the presence of young 
leukocytic forms, eosinophils in infants and adolescents, and finally in certain individuals 
an anaemia, — a diminution in the number of red cells and in the hemoglobin. After the 
removal of the prosthesis, the return to the normal blood picture was rapid. Since fractures 
of the long bones, regardless of the method of treatment used, have a tendency to provoke 
manifestations in the blood similar to those which appear with this treatment, and since 
the symptoms are mild, the problem may be of interest to the hematologist, but is of little 
concern to the surgeon. It is better to remove the material, when it is possible to do so. 

The risk of fat embolism is a more important consideration. Concerning this matter, 
it is the practice, not the theory, which gives the answer. Statistics of more than a hundred 
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fixations, which have been published, affirm that the method does not expose to the danger 
of embolism. We have watched our patients who have been operated upon most particu- 
larl}' in this matter; and we can A'erify this statement. In more than fifty osteosyntheses 
by the intramedullary method, only once have we seen postoperative pulmonarj' embolism. 

This was in a patient of thirty-four years, who presented a spiral fracture of the 
middle third of the femur. Three days after the accident, the bone was pinned after closed 
reduction. Operation was easy and there was no shock. Forty-eight hours later pain, 
increased by deep breathing, was found at a point under the ribs on the left side. The heart 
beat was regular, the pulse twenty -two beats to the quarter. Rales were heard at the left 
base. The following day the temperature was 39 degrees centigrade, and there was slight 
hemoptysis. On subsequent days there was gradual subsidence of the fever. On the seventh 
day there was no fever, and his condition had returned to normal. This patient was 
operated upon more than a month ago and is included in the group here presented. 

It is apparent that only experience on a vast scale will be able to answer definitely the 
question concerning the danger of embolism. At present, the risk appears to be slight. 

The possibilities of operative infection are present, as in all surgical procedures, par- 
ticularly in operations upon the bones. In our opinion, the septic complications — all other 
factors being equal — are less to be feared after medullary pinning than following other 
niethods of osteosynthesis. There is little trauma, and the method entails less disturbance 
of the muscles and manipulation of the fragments than occurs with open procedures. The 
few suppurations which we have seen followed osteosynthesis in compound fractures, a 
type of fracture in which the method is contra-indicated. In any case, we have learned 
that the presence of a foreign body in the medullary cavity does not in itself constitute a 
predisposition to infection. Osteomyelitis in the entire diaphysis need not be feared, even 
when the operative site becomes infected. 

MERITS OF THE METHOD 

1. The operation causes little shock. Medullary osteosynthesis is a safe intervention. 
The incision is short; there is little hemorrhage; bleeding is reduced to a minimum, since 
the site of the fracture is not often opened. The postoperative well-being and the objective 
state of the patient are truly astounding, and they remain so in the days that follow. 

2. The prosthesis is simple. The bloodless reduction of the fracture without doubt 
requires dexterity on the part of the surgeon, and is tedious, because of roentgenographic 
control and successive corrections. It is a stage of the operation which is unimportant to 
the patient, since the operation is performed under spinal or local anaesthesia. When 
end-to-end apposition has been obtained, the insertion of the prosthesis is easy, for it 
does not require particular manual dexterity. With the pin in place, the operation is prac- 
tically finished. If it is necessary to perform an open reduction, operative reduction of the 
fracture is all that is required, usually easy in fresh fractures. The problem of osteosyn- 
thesis is thus simplified. In other methods of osteosynthesis, the difficulties arise in the 
fixation after reduction; this requires not only exposure of the site of the fracture for re- 
duction, but also wide exposure. It is essential to maintain the coaptation of the fragments 
during the time the bed is prepared for the prosthesis, during the fitting, and while fixing 
it in place. 

3. Formation of callus is rapid. Our obseiwations verify those of others. The callus 
forms more quickly when medullary metallic fixation is employed than with any other 
method. After three weeks usually, periosteal calcification is readily seen in roentgeno- 
grams of a diaphyseal fracture of the femur. The exactness of the reduction, the possibility 
of axial impaction, the active mobilization of the limb. — all these do not in themselves 
explain the excitation of periosteal osteogenesis. 

It may well be that the presence of a foreign body in the medullari' canal is respon- 
sible for this. Kuntscher introduced steel wires (V-2A) into the intact diaphyses of long 
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Fig. 1: The author’s apparatus, based on the same principle as the Bdhler frame. It stands 
directly on the floor, not on a table. It is veiy large in order to permit better traction upward 
(by the sling) and anteriorl}" and iiosteriorly (by the traction screw). 

Fig. 2: Apparatus at right angle to the operating table. Patient in position. 

bones of dogs. A few weeks following this j)i’Occdin'e, he obsei-A^ed thickening and calcifica- 
tion of the periosteum. The appearance was similar to the ossification seen in sarcoma. 
We do not know how to interpret these observations. Is that which takes place a defense 
reaction of bony tissue, comparable to that which takes place when there is a central 
sequestrum, or does the periosteum react to central j^ressure on the bone? E.xaraination of 
our patients leads us to favor the second hypothesis. The hypertrophy of the callus is 
more intense whenever we use a thick prosthesis. It is less intense whenever the material 
is very thin (as Kirschner wire) . 

Whatever its cause may be, this tendency to exuberance of the bony cicatrix is a 
welcome result to the surgeon, since it takes place in fractures at the locations where he 
dreads pseudarthroses. Another consequence of this hypertrophy of callus is the necessity 
of removing the prosthesis after definite consolidation of the fracture. 

4. Early mobilization is possible. Because there is no pain, because callus forms 
rapidly, and because the parts of the limb are firmly fixed, motion is resumed quickly. 
Active mobilization begins from the first days following operation. Patients with opera- 
tions upon the thigh usually walk about with two canes by the sixth week. Those with 
operations upon the leg get about by the twelfth day. Patients with operations upon the 
upper arm are able to contract the deltoid muscle (Fig. 13-B) ; with operations upon the 
forearm, they can move the fingers. Massage and other forms of physiotherapj^ are gen- 
erally superfluous, since the joints maintain their suppleness, the muscles their tonus, and 
the circulation its normal course. The period of hospitalization is greatly reduced, in com- 
parison with that I’equired by other methods of treatment, notably continuous extension. 

THE FEMUR 

If possible, femoral fractures are reduced under roentgenographic control by manipu- 
lation; if not, the fracture is exposed and the fragments are replaced under direct vision. 
The nail enters the medullary cavity by the supratrochanteric route. It traverses the 
entire length of the diaphysis; below, it is imbedded in the spongy tissue of the lower 
epiphysis. As a general rule, a plaster cast is unnecessary. The patient moves the limb 
during the first days after operation, and he is allowed to get up early. 

Choice of Pin 

During the German occupation of Belgium, it was impossible to procure the original 
material used, which consisted of pins having one section approximately in the form of a V. 
We were satisfied with U-shaped pins made from cylindrical bars of non-oxidizing steel 
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Fig 3 

ProslUe^es and Pin Dn\ ev 

A : Straight pm of groo^ ed bar of steel (V-2A) One end is pointed, the other shows a small ej-e. 
In profile these pms are m the form of a U. For a femoral diaphysis, the diametei of the pm is 
usually eight milhmeters The thickness of the sides of the U is two millimeters Foi the humerus 
and the ulna the pms are similar, but shorter and thinner 

B: Tibial pm. made of the same matenal as the straight pm. and six to eight millimeters m 
diameter It is curved at both ends The point of the cune is generally 15 centimeteis from 
the end. 

C : Radial pm, fii e millimeters m diameter It has a single cun e. 

D; Threaded rod for the ulna and radius, two to three millimeters m diametei 

E: Graduated pm driver The guiding tube has been slid oier the pm up to the bone The 
mandnl will be mtioduced into the tube The graduations on the mandnl show the extent to 
which the pm penetrates the bone 


A 


B 


Fig, 4 
Extractor 

A The instrument IS eighteen centimeters long A hook fit^ into the e> elet of the pm By blows 
nith the tip of the hammer, one frees the prosthesis This instrument is useful in the operation 
nhen it is necessaiY' to retract the pm m order to change its direction 

B Hammer-extractor permits the fleeing of a pm nhen the head of the pm alone i' acce—ible 
(after consolidation) The rod, thirtc'-fic e centimeters long, ha' a hook attached to one end and 
a handle to the other A metallic mass, weighing one kilogram. mo\e= freely on the rod YVliile 
the assistant holds the handle, the surgeon dnces the mass Molently agaiU't the handle. 

1V-2A). As to the thickness of the pin, it should be quite exact. If the pin is too thick, it 
may split the cortex; if too thin, there is a tendency for the fragments to play. It would 
seem important in each case to study the size of the medullarx- cavity from the roentgeno- 
grams; in practice, this thesis proves to be erroneous. The medullarx- cax'ity is not recti- 
linear; in the femur it is curved in txvo planes. 
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Our pin is straight. It acts efficiently, because it is wedged into an irregular canal, the 
walls of which it touches, sometimes one wall, sometimes the other. It traverses the entire 
length of the femur. The forces which are exerted are divided along a great distance of 
material. In this it differs from osteosynthesis with plates or bars, in which the prosthesis, 
veiy short, receives practically all the force of flexion oi' of torsion at one point. In prac- 
tice, with adults we use pins less than nine millimctei’s in diameter. 

The length of the pin should be determined before operation. Here again roentgeno- 
graphic data seem superfluous, and may be the cause of error. The procedure is very 
simple; on the skin we measure the femur on the sound side, taking the distance from the 
top of the greater trochanter to the knee-joint line. From this measurement we subtract 
a constant figure, four centimeters; in this way we obtain a satisfactoiy approximation, 
whatever the size of the muscles may be. With roentgcnographic control, we can judge 
how deeply the pin should bo placed. The head of the pin may project level with the 
trochanter or, without inconvenience, it may project beyond it for three centimeters. 

Position of the Patient 

The ordinary orthopaedic table is not suitable. We use a Bohlcr frame for fractures 
of the lower extremity or a larger frame based on the same principles (Figs. 1 and 2) . The 
patient is placed in latei'al decubitus on the sound side. The trunk is flexed to a right angle 
with the thigh. In this position, access to the trochanteric region is eas 3 n 

Reduction 

We operate under spinal anaesthesia. Traction is applied in the axis of the limb with 
a foot hitch. Overriding is reduced ; and coaptation is secured by lateral straps. Verifica- 
tion of reduction is made by anteroposterior and lateral roentgenograms. (We have given 
up fluoroscopy, which presents a number of disadvantages. It is technically difficult to 
view the fracture through the screen and to operate at the same time. Fluoroscopy gives 
inexact information, and there is danger of radiodermatitis.) The reduction should be 
anatomical. The pin cannot be introduced if the medullaiy cavity has not regained its 
contour. Thus in fractures impossible to reduce, such as comminuted fractures and old 

fractures, it is necessary to expose the site of fracture. After an 
external, longitudinal incision, the fragments can be replaced 
easily. This does not require the wide exposure necessary in 
osteosynthesis bj'^ plates or screws. 

Introduction of the Pin 

Through an incision of eight to ten centimeters in the supra- 
trochanteric region (Fig. 2) , the superior surface of the greater 
trochanter is reached, after retraction of the muscles. The point 
of introduction is not at the top of the trochanter, but at the 
junction of that prominence and the femoral neck, which is ex- 
actly at the prolongation of the medullary cavity. The cortex is 
trephined with a gouge. A guide is then introduced. This is a 
steel wire, three millimeters in diameter and forty centimeters 
long. Either by I'oentgenogram or, in an open reduction, by 
direct view, verification is made of the presence of the guide in 
the medullary cavity. 

Osteosynthesis 

The pin is slid along the guide and is driven into the 
medullaiy cavity by hammer blows. The guide is then re- 
moved. New roentgenograms show the position of the pm, 
its introduction into the distal fragment, and finally its 
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Fig. 5-A 

Transverse fracture of 
the middle third of the 
femur. The patient, aged 
forty-nine, was injured in 
an accident on May 24, 
1943. This was the first 
patient operated upon. 
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depth. It should reach the lower cpiphj’^sis, but should not 



perforate the knee joint. 
If, by accident, the 
prosthesis fails to 
enter the distal frag- 
ment, passing to the 
side, it must be ex- 
tracted and replaced 
after any angulation 
has been corrected. 
The final suture of 
the wound presents 
no particular problem. 



Fig 5-B Fig 5-C Fig 5-D 

Fig 5-B; Oa June 1, 1943, osteosj'nthesis was performed under spinal anaesthesia Closed i educ- 
tion was accomplished m the lateral position on the Bohler frame, with the aid of the fluoroscope. 
By supratrochantenc incision and after trephining at the junction of the trochanter and the fem- 
oral neck, a straight pm, thirty-eight centimeters long and nine millimeteis thick, was inserted 
Walking was permitted by August 6 

Figs. 5-C and 5-D Roentgenograms, taken Januarj' 21, 1944. showed solid union without short- 
ening or angulation The pin had been remoied on Xo\ ember 22, 1943 There was perfect func- 
tion. The patient returned to work four months after operation 


Postoperative Care 

The limb is placed on a Braun frame. After the second day the patient may move his 
foot, and a little later the knee and the hip. After the joints have regained their normal 
range of motion, the patient is allowed up. Usually about the fifth or sixth week, he is able 
j to w’alk with canes, and then without any support. Roentgenograms are taken to deter- 
mine the degree of bony union. 
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Removal of the Prosthesis 

Between the third and sixth months it is necessary to witlidraw the prosthesis. Poi 
this a special extractor is necessary (Fig. 4). Pincers of the usual type and extractors of 
the Smith-Petersen type are of no avail. Not by strong traction alone can a well-fixed 
medullary pin be freed, for it was fixed in place by strong friction and by hammer blows. 
Only by a series of blows applied in the opposite direction in the axis of the bone is it 
possible to remove it. AVc use an instrument suggested by one that Star described; it is 
^•ery strong and it catches in the eye fashioned in the end of the prosthesis. To neglect the 
use of such an extractor is to court failure; upon this point we cannot insist too strongly. 

Results 

1. Simple Fractures of the Upper and of the Middle Thirds of the Femur: ^Ye en- 
countered eight fractures in patients between the ages of seventeen and fifty-four jmars. 
Four of these were treated without the site of fractui’o being e.xposcd; four were reduced by 
open operation. With the e.xccption of those who presented other lesions, such as fracture 
of the pelvis, fracture of the leg, et cetera, all were walking easily between the first and sec- 
ond months. The pins were removed between the fourth and the seventh months. All of 
these fractures healed without shortening 'nd without displacement, without muscle atro- 
phy and without infection (Figs. 6-A, 6-B, and 6-C). We believe that these results are 
from all points of view much better than those obtained bj-- continuous extension. 

2. Simple Fractures of the Loiver Third: The nearer to the knee is the site of the 
fracture, the less efficient is the fixation. It is necessary to anticipate the possibility of 
displacement of the distal fragment by rotation. To prevent this displacement after opera- 
tion, we apply a large plaster cast, including the pelvis and foot. We have operated upon 
two fractures at the upirer i)art of the lower third of the femur. In one case the result was 
satisfactory, although there was slight angulation because of the poor quality of the pros- 
thesis; and in the other the result was 
difficult to evaluate. This was the case of 
a boy of sixteen; the fracture healed in 
the normal manner and the pin Avas re- 
moved in the fifth month. The boy lA’-alked 
normally and had returned to work. He 
fell again and fractured the femur at the 
same level. Following immobilization in 
plaster, the fracture healed wdth shortening 
of two centimeters. It is difficult to say 
whether the new fracture was caused by 
poor callus or by the second accident. 
(We haAm not treated by this method 
any fracture at the distal fourth of the 
femur.) 

3. In compound fractw'es the results 
wei'e poor. One fracture, resulting in three 
fragments and associated Avith an extensive 
AA'ound of the soft parts, Avas operated upon 
a feAv hours after the accident; the patient 
died during the operation. In tAVO compound 
fractures AA'ith minimum Avounds, operation 
Avas delayed until the Avounds appeared 
healed. Infection appeared in the tAAm cases 
and Avas clearly connected Avith the original 
AA'ounds. 



Fig. 6-A 

Comminuted fracture of the middle third of 
the femur. The patient, aged seventeen years, 
had an accident on January 15, 1945. Osteosyn- 
thesis was performed on Januaiy 27, with spinal 
anaesthesia, traction, and open reduction. The 
fragments were held in position by a pin, forty 
centimeters long, inserted by a trochanteric 
route. 
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Fig 6-B Fig 6-C 

Fig 6-B Roentgenogiams made Apiil 6, 1945, showed good reduction with massue callus 
Fig 6-C Follow-up roentgenograms, made July 3, 1945 The pm had been remoied fifteen days 
before, five months after the reduction The functional result was perfect 


4. Pseudarthroses,: Two patients with old pseudarthroses had undergone varied 
treatments (extension, osteosynthesis, plaster fixation) . Both were operated upon. Good 
consolidation occurred in one case (Figs. 8-A and 8-B) ; failure resulted in the other 
through an error in technique. 

5. Shortemng: An excellent result in equalization of the limbs was obtained in one 
case. This woman, twenty-seven years old, had a shortening from congenital dislocation 
of the hip. Five centimeters was removed from the normal femur and this was followed 
by intramedullary pinning and the application of a plaster cast. Union was complete and 
the result ivas perfect after four and one-half months. 

6. Pathological Fractures: The criterion of “cure” is much more difficult to deter- 
mine in such cases. A tabetic, fifty-two years old, presented a fracture of the upper third 
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Fig. S-A; Pseudarthrosis of the femur. 

Patient, sixty j-ears old. was injured 
February- 5, 1943 ; had already been .sub- 
jected to osteosxmthcsis by bolts when 
admitted. Traction was continued, with 
plaster from pelvis to foot, without any 
change. The knee wa.s ankylosed. Roent- 
genogram shows the pre-operative state. 

Eight months after the accident, on 
October 7. 1943. we did an intramedul- 
lary pinning. 

Fig. S-B; Roentgenogram* on June 
13, 1944, showed consolidated pseudar- 
throsis and markedly exuberant callus. 

The prosthesis used was very thin. 

Slight flexion occurred at the fracture 
site. Note also that calcification was 
produced about the end of the pin. In 
order to remove the prosthesis, it was 
necessary to break this bony covering 
with a blow of the hammer. 

lYhen last seen, on January 15, 1945, 
there was perfect consolidation. Patient 
walked without a cane, with heel raised 
three centimeters. Hip had 45 degrees 
of flexion. 30 degrees of abduction. Knee 
flexion was 50 degrees. 

of the femur, which healed per- 
fectly. Two patients, sixty-two 
and seventy-three years old, re- 
spectively, with Paget’s disease, 
with old pseudarthroses, and Fig. 8-A 

in verj’^ poor general condition, 
were treated by this method. One had good union; the 
died on the twenty-third day. Two senile patients with 
taneous fractures, which occurred in bed, were operated 
One, eighty years old, died on the fourth day. The 



other 

spon- 

upon. 

other, 



Fig. 8-B 


sei'enty-three years old, had a normal postoperative course and died from apoplexj' two 
months later. Two patients with inoperable tumors and spontaneous fractures were op- 
erated upon. One survived for one month. This patient was sixty-nine, with bone metas- 
tases of an epithelioma. The other, with multiple myeloma, survived for four months. 
It is evident that our attempts in these seven hopeless cases seemed to lessen their pain 
and, in five of the patients, made the nursing care easier. 


Indications 

From a total of twenty-three diaphyseal fractures of the femur, we are able to draw 
the following conclusions: Intramedullary osteosynthesis gives excellent results in closed 
fractures, particularly those in the upper third, in the middle third, and in the upper por- 
tion of the lower third. It is indicated in psendarthrosis and in shortening of one femur 
for equalization of the limbs. It is of value in pathological fractures, where it is impossible 
to apply any other method. We advise against its use in compound fractures. 


IIOIA 


The principles comprise reduction of the fracture on the Bolder frame the intrnrluo 
tion of a bent pin through the anterior tuberosity of the tibia, and the application of an 
ambulatorj' plaster from the thigh to the toes. 

Choice of Pin 

The end of the pin is in the form of -a V or a U. It is sliehtlv c.n-rprl Tfo .r * ■ 

S.N lo cehl raillimcto., depending upon the skeleton ot the patient. For detembrtim of 
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Fig. 9-A Fig. 9-B 

Fig. 9-A: Diaphj'seal fractures of both bones of tlie leg. Tlie patient, thirty 3 'ears old, was injured 
January 1, 1944, by torsion. On Januaiy 7, closed reduction and pinning were done under spinal 
anaesthesia, with the patient on the Bohler frame. 

Fig. 9-B : Showing result immediately after Osteos 3 mthcsis. Patient was in ambulatory plaster for 
six weeks. 

its length, the distance between the medial joint line of the knee and the tip of the medial 
malleolus is measured. From this length is subtracted four centimeters, or three centi- 
meters if the fracture is situated very low. 

Position of the Patient 

The position used is that which Bohler described for the closed reduction of fractures 
of the leg. The knee is flexed markedly upon the special frame. The anterior tuberosity 
of the tibia is easily accessible. Traction on the foot does not require a Kirschner vdre; 
a hitch suffices. 

Reduction 

Spinal anaesthesia gives ideal muscle relaxation. By palpation, fluoroscopy, or sub- 
sequent roentgenography, the reduction is verified. If it is not perfect the first time, 3vhich 
often occurs with spiral fractures, it may be necessary to expose the fracture site b)'- a short 
incision, and reduce the fragments. 

Introduction of the Pin 

By a longitudinal incision, along the tibial crest, the anterior tuberosity is exposed. 
The point at 3vhich the cortex is trephined is immediately above this apophysis, at the 
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Fig. 9-C Fig- 9-D 

Fig 9-C : Show result on September 29, 1944, with solid callus. The prosthesis was removed the 
next day. 

Fig. 9-D: Result on May 25, 1945, sixteen months after operation. 


insertion of the longest fibers of the patellar tendon. The concavity of the pin is turned 
forward. The pin is driven by a hammer into the medullary’- cavity of the proximal 
fragment. 

Osteosynthesis 

After the correct location of the pin has been verified by roentgenograms, the pros- 
thesis is driven into the distal fragment, while an assistant maintains rigid reduction with 
a Lambotte clamp, if the site of fracture has been exposed. A final roentgenogram of the 
ankle determines the depth of penetration of the pin. The skin only is sutured, and a 
plaster is applied from mid-thigh to toes. 

Postoperative Care 

On the tenth day the plaster is removed. The stitches are taken out. A new plaster is 
applied, which is attached to a Telson patten. The patient is then permitted to get up 
and to leave the hospital. Walking is easy and painless. The plaster is removed after the 
roentgenograms show the formation of callus, usually about the seventh or eighth week. 
A bandage of Unna’s paste prevents subsequent oedema. 

Removal of the Prosthesis 

The pin is removed between the third and fifth months. The extractor is indispensable. 
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Results 

Ton ])niicnts, all adults (between tliirt}’’ and sixty years of age), have been operated 
upon (Figs. 9-A, 9-B, 9-C, and 9-D) . With the exception of one case in which the fracture 
was in llie up])er tliird of the leg, all of the fractures were spiral or comminuted and were 
at about the junction of the middle and lower thii’ds. We liave had no opportunity to 
operate upon transverse fractui'cs of the middle third. In two patients closed reduction 
sufficed; in eight, open o])crations were performed. At first, believing the osteosynthesis 
solid, we a]3]fiicd no ]fiastc}' cast. Tlie jratients walked vciy eaidy, with no support on the 
leg. The results were not satisfactory. Of five patients treated in this manner, three had 
perfect consolidation and two had pseudarthroscs. Pscudarthrosis did not appear for a 
number of weeks after opei'ation; the distal fragment with the foot turned, little by little, 
into external rotation. We have had to deal with fractures located near the distal end. 
Subsequently we adopted the method of applying an ambulatory plaster, as mentioned 

before. Five patients, treated in this way, ob- 
tained perfect union with no shortening and 
no angidation, complete function without 
nwsclc atrophy, and without the need of 
jjly'siothcrapy. In one case we used two pins, 
as certain writers advise, but this did not 
seem to give a better result. 

Indications 

Medullaiy pinning with a curved pin, 
in fractures situated at the junction of the 
middle and lower thirds of the tibia, gave 
excellent results, provided that an ambulatory 
plaster was applied. If we compare our re- 
sults with those which we obtained previously 
by closed methods (reduction on a Bohler 
frame, extension with a Steinmann pin in the 
calcaneus, and plaster for four to five weeks, 
then ambulatory plaster for six to ten weeks) , 
we find the following advantages in favor 
of pinning: anatomical reduction, rapid con- 
solidation, shortening of the period of hospitalization, better functional recuperation, since 
there is no atrophy of the quadriceps. One disadvantage of pinning is the presence of an 
operative scar, which is objected to by young girls for aesthetic reasons. This method is 
certainly indicated in fractures of the middle and upper thirds. Our experience does not 
permit us to say whether or not a plaster cast is necessary in such cases. The method is 
not recommended in compound fractures. For pscudarthrosis we prefer a bone graft. 

THE HUMERUS 

At first we introduced a curved pin by way of the olecranon fossa. We have discon- 
tinued this. We prefer the upper route, driving a straight pin into the head of the humerus, 
toward the elbow. We shall describe only the latter technique. 

Choice of Pin 

A straight pin is used, grooved in the form of a U and five to seven millimeters in 
diameter The length is determined beforehand by the following method: On the sound 
side the distance between the lateral tip of the acromion and the olecranon is measured 
with the arm at the side, the elbow flexed to 90 degrees. From the figure obtained, five 

centimeters is subtracted. 



Fig. 10 

The author’s apparatus for reduction of frac- 
ures of the femur (Fig. 1) can be used also for 
hnning of. the humerus. A board has been 
placed horizontally. One bar, 1.5 meters high, 
js used for traction, another to support the hand. 
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Position of the Patient 

It is impossible to reach the humeral head unless it is brought into prominence. For 
this, the arm should be put in flexion and in strong adduction. The patient is in lateral 
decubitus on the sound side. The injured arm is fixed snugly on the thorax in maximum 
flexion (Fig. 11) . 

Introduction of the Pin 

In contrast ivith other bones, medullary^ pinning of the humerus is started before re- 
duction. The operation is begun under brachial plexus anaesthesia, with local anaesthesia 
of the skin of the shoulder. A Kirschner wire is passed through the upper part of the ulna, 
and a stirrup is attached. In this way, skeletal traction is attained. The patient is placed 
in the position indicated in the preceding paragraph (Figs. 10 and 11) . Where the humeral 
head is most accessible, a short longitudinal incision is made. The fibers of the deltoid are 
retracted, and the point where the tuberosity joins the anatomical neck is marked. This 
is the point of penetration. With a gouge, the bone is trephined. During this manoeuvre 
the articular capsule may be opened slightly. Through the hole in the humeral head, the 
guide (a steel wire, three millimeters in diameter and forty centimeters long) is forced into 
the medullary cavity. Roentgenogi-ams verify the position of the guide. The pin is driven 
along the guide into the proximal fragment only. The guide is then removed. The situa- 
tion is then the following: The fracture has not been reduced, the pin is in the proximal 
fragment, and a large part of it projects. (At this point, the segment of the pin which 
protrudes and the operative site must be well protected with sterile dressings.) 

Reduction 

The patient is placed in dorsal decubitus and 
attached to the table with straps. With a pulley, 
placed 1.5 meters above the level of the table and 
on the side opposite the fracture, progressive exten- 
sion is applied through the Kirschner apparatus. 

The arm should be in at least 45 degrees of adduc- 
tion and 75 degrees of elevation (Fig. 12). The 




Fig. 11 Fig- 12 

.Fig, 11 ; Diaphyseal fracture of the humerus — first step in treatment. Brachial plexus anaesthesia 
with patient in lateral decubitus on the sound side. Arm is m adduction and extreme flexion. 
Kirschner traction at the level of the ulna. In this position the humeral head is easily accessible; 
it forms a projection. Shows incision and placing of the pin in the proximal fragment. 

Fig. 12; Second step: Reduction of the fracture, with patient in dorsal decubitus; traction, 
ivith the arm at 75 degrees of elevation and 45 degrees of adduction ; elbow at right angle. Fluoro- 
scopc or roentgenograms may be used. Open operation is easj', if required. The pin, which is yet 
only in the proximal fragment, has been protected by sterile dressings during the moving of the 
patient. 
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elbow is ncxocl to a riglil angle. Reduction is checked by fluoroscope or by roentgenogram. 
Angulation is corrected by lateral slings. If anatomical reduction cannot be obtained, it 
may bo necessary to expose the site of fracture by one of the classical incisions, — along 
the deltoi)ectoral groove for the upper third, the external or internal border of the biceps 
for the middle third, the ])ostcrior surface of the arm for the lower third. 

Ostcosj/iiihcsis 

The introduction of tlie pin into the distal fragment is simple after reduction has been 
obtained. It is sutTicicnt to remove the sterile compresses and to strike a few hammer 
blows ui)on the head of the pin. At the end of the operation, the pin should not project 
more than five millimeters from the humerus; otherwise, it will impinge on the acromion 
in movements of the shoulder. After suture of the wound and j-emoval of the Kirschner 
wire, no plaster cast is applied, except in fractures in the lower part of the humerus. 

Postoperative Care 

The fingers, the elbow, and the shoulder arc moved at once. The patient is allowed up 
the daj’’ following operation. 

Removal of the Prosthesis 

The pin is removed two to four months after the ostcosjmthesis. 



Fig 13-A Fig 13-B 

Fie 13-A' A woman of fort 3 ''-eight fell in the snow and inclined an oblique fracture of the 
middle third of the humeius. Six days after the accident, on January 3, 1945 , osteosynthesis was 
done with biachial plexus anaesthesia, traction, closed reduction by roentgenographic control, 
incision and tiephining at the level of the olecianon fossa Fixation was accomplished by a 
Kirschner wiie as a guide, then by a medullaiy pm. 

Fig 13-B' Movement was begun at once. Photograph was taken on January 30, 1945, less than 
four weeks after operation. 
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Fig 13-C Fig 13-D 

Fig 13-C Sl\ neeks aftei operation (Februarj- 6), solid callus nas present The guide had been 
left in place The pm was removed in the third month The functional result (end of May 1945) 
nas \eiy satisfactorj Abduction of the shoulder was practically normal Elbow had complete 
fle\ion, extension of 170 degrees 

Fig 13-D Osteosjmthesis of the humerus by the upper route in a woman eighty years old with 
radial paralysis A straight pin, six millimeters in diameter, was introduced in the region of the 
humeral head Below, it reached the inferior epiphy»is Operation was performed June 13, 1945 
Control roentgenograms taken July 2, 1945, showed early callus Patient is under constant treat- 
ment She can u=e the hand and elbow easilj Actne abduction of the arm exceeds 90 degrees 
She exercises bj' means of a pulley 



Fig 14 

The author’s apparatus for osteosj’nthesis of fractures of the forearm and clo-od reduction of 
fractures of the thumb and dislocations of the carpal bones Traction by finger cots with plaited 
strands Counterextension by an arm cuff Note the cushion under the arm. Photogiaph taken 
at the conclusion of pinning of the radius at the junction of the middle and lower thirds; 
brachial plexus anaesthesia was used In this case the incision used to reduce the fracture 
joined that which permitted introduction of the jirosthesis 
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Fig. 15-A Fig. 15-B 

Fig. 15-A : Transverse fracture of tlie racliu.s alone, in a man of seventy-one .years, who had been 
a victim of bombardment on May 9, 1944. Attempts at closed reduction failed. On May 19, 1944, 
under brachial plexus anaesthesia, traction by the author’s apparatus (see Fig. 14) and ojien reduc- 
tion were done, with trephining of the radius from the dorsal surface of the lower epiph)"sis. 
A curved pin, five millimeters in diameter, was inserted. No plaster was used. 

Fig. 15-B : Ten days after osteosynthesis we entered the room unexpectedly and saw the patient 
eating soup, with the spoon in the right hand, — the side operated upon. Roentgenograms, taken 
on January 3, 1945, showed perfect callus. Grasp was normal. Pronation and supination were 120 
degrees. The patient refused permission to remove the prosthesis, which did not trouble him. 


Results 

We have operated upon nine patients. In the first six, we used the lower route of 
entry,’ — that is, a curved pin forced through the olecranon fossa toward the shoulder. Tlie 
patients ranged in age from fifteen to sixty years. Four had transverse or spiral fractures 
of the middle third and two had fractures at the junction of the middle and lower thirds 
(Figs. 13-A, 13-B, and 13-C). In three patients closed reduction sufficed; in three open 
reduction was required. The following results were obtained: In one patient the pin was 
placed incorrectly; consequently, the consolidation was due to the reduction and the 
plaster cast. In spite of the final good result, it was a failure of the method. The five 
others healed rapidlv with solid callus. Movements of the hand and shoulder were perfect. 
Twice we found a limitation of extension at the elbow, loss of 20 degrees for one and of 
25 degrees for the other. Because of this limitation of extension of the elbow and because 
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of the difficulty of the technique (curved pin and a difficult approach to the humerus by 
the oleocranon fossa) . we have given up the lower approach and now use only the upper 
approach described above. Of three patients operated upon b}' the upper approach, one, 
seventy-five years old, bad Paget’s disease of the humerus; one, thirty-four years old. had 
a spiral fracture of the middle third; one, eighty years old, had a transverse fracture at 
the junction of the middle and lower thirds (Fig. 13-D) . Twice open reduction was carried 
out; in one, closed reduction sufficed. The results are recent, but verj- good. 

Indications 

The intramedullary pinning lends itself to all closed fractures of the humeral di- 
aphysis. The upper approach with a straight pin seems preferable to the lower approach 
with a curved pin. 


FOREARM 


Open reduction is performed. At 
the elbow, a pin or a square rod is 
driven into the ulna Ija' way of the 
olecranon. For the radius, a slightly 
curved pin or rod is introduced from the 
lower epiphj'sis. 

Choice of Pin 

The size of the medullary cavitj' of 
the bones of the forearm varies greatlv in 






Fig. 16-A Fig. 16-B 

Fig. 16-A: A woman of twentj'-five was in an automobile accident on October 5, 1944. Attempt 
at closed reduction was unsuccessful On the tenth day, osteosj-nthesis was performed under 
brachial plexus anaesthesia, with traction by apparatus, incision o\er both fracture areas, and 
reduction. The medullaiy- ca\nties were extremely narrow and permitted only the passage of fine 
lurschner wires. Pinning of the ulna was done bj' way of the olecranon; pinning of the radius, 
from the lower end (incision and trephining) Plaster was applied to the forearm for three months 
Fig. 16-B; Control roentgenograms, seven months after operation (May 25, 1945) showed per- 
fect callus. In the lateral new it appeared that the wire passed into the radiocarpal articulation; 
the anterior view showed that the wire was superimposed; the place of perforation is in reality 
situated two centimeters higher than the joint line. Functional result was perfect. 
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l)nticnts. The radius of a robust man permits tlic jiassagc of a pin five millimeters in diam- 
eter, while in a small, frail woman, a rod of 1.3 millimeters is as large as can be passed. It 
is often difficult to judge the size in advance, and roentgenograms are misleading. It is 
only during oiicration that one can determine tlic size. We always jdace on the table some 
of the V and U pins of five-millimeter diameter and rods of 1.5 to three millimeters. Tor 
these pins the length is easy to determine directly on the injured forearm. Tor the rods, 
any estimation beforehand is unnecessary. 

Position of the Patient 

We always operate with brachial plexus anaesthesia. The limb is placed on a special 
a]i]mratus, which we devised some time ago, and which we use for closed reductions of 
fractures of the thumb and dislocations of the carpal bones (Tig. 14) . The patient is in 
dorsal decubitus. The elbow is at a right angle. Traction is applied on the fingers by 
means of finger stalls with woven fibers. Counterextension is made on the arm, as de- 
scribed b}'- the author in a paper in Revue d’Orlhopedie in 1941. 

Reduction 

E.xperience has shown us that in the forearm, simple traction and manipulation lead 
to approximate, but not anatomical, reduction. Thus it may be neccssaiy to exi^osc the 
site of fracture. We follow the classical incisions. Reduction is easily obtained with the 
use of the periosteal elevator and the Lambotte hook. 

Osteosynthesis 

In fractures of both bones, we begin always with the ulna. During the open reduction, 
we examine the size of the medullary cavity and try the prosthesis to determine if we must 
use a pin or a rod. By a very small incision over the olecranon the prosthesis is introduced, 
care being taken to direct the pin or rod accurately. A blow of the hammer will drive in a 
pin of five millimeters or a rod of 2.5 to three millimeters. If a thinner rod is used, a 
Kirschner perforator will be required. The passing of the pin or rod from one fragment to 
the other is controlled by observing the fracture site. After roentgenograms have been 
taken, the wound is sutured. If a rod has been used, which projects from the olecranon, 
the projecting portion is cut with pincers. The radius is exposed in turn. An incision, five 
centimeters long, is made on the dorsal surface between the extensor tendons of the thumb 
and of the index finger. The tendons are retracted and, with a fine gouge, the cortex is 
trephined. A curved pin or rod is introduced from below upward. After control roentgeno- 
grams have been taken, the wound is sutured. In osteosynthesis with a pin, no immobili- 
zation is required. With a rod, one must guard against flexion at the site of fracture. A 
plaster cast of the forearm alone is necessary. 

Postoperative Care 

Whether or not a plaster is used, movements of the fingers, the elbow, the shoulder, 
and of pronation and supination are encouraged at once. It is surprising to see how these 
movements are easily performed and are painless. After ten days, the plaster cast is cut, 
the sutures are removed, and a new plaster is applied and worn until union is complete. 

Removal of the Prosthesis 

During the third month the prosthesis is removed. 

Results 

Thirteen patients, ranging in age from seventeen to seventy-one years, were operated 
upon. Therapeutically, these cases may be tabulated as follows: 

1. In six cases in which pins of five millimeters were used, three were fractures of 
both bones, two were fractures of the radius in the middle third, and one involved the ulna 
in the upper third. All of these fractures healed in less than two months. The functional 
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result ivas ])oor in one case witli synostosis of the two bones, where tliere was comminution 
of the radius and ulna. The results were verj"^ good in the other five. Function and strength 
in the hands were regained, pronation and supination were preserved (Figs. 15-A and 
15-B). 

2. Two fractures of both bones in the middle third were fixed with rods, 2.3 milli- 
meters in diameter, with perfect results. 

3. Three cases (two with fractures of both bones, one with a fracture of the lower 
third of the radius) were fixed with Kirschner wires, followed by a plaster cast of the 
forearm for seven to ten weeks. These healed normalty (Figs. 16-A and 16-B). 

4. Two cases were complicated. An old Monteggia’s fracture, with pseudarthrosis of 
the ulna and an unreduced dislocation of the radial head, was treated by a medullary 
pinning of the ulna and resection of the radial head. The end result was good. An old 
crushing injurj*^ of the upper extremity with marked bowing and shortening, and with 
weakness of the fingers, was treated bj'^ osteotomy and pinning of the ulna. This patient 
had a fair result, with recoverj" of movements of the hand. 

Indications 

From our experience with thirteen patients, eight of whom had fractures of both 
bones, we feel that the method is simpler and gentler than closed reduction. It is techni- 
cally easier than osteosynthesis with plates, which often results in pseudarthrosis. In the 
field of simple diaphyseal fractures of the forearm, intramedullary pinning has achieved 
unquestioned and definite progress, whatever maj’- be the type or location of the fracture. 
We believe that this method is contra-indicated in compound fractures. 

OTHER FRACTURES 

We have not used pinning of the clavicle, for we believe that the pin is insufficient to 
support the weight of the arm. The non-operative method of reduction is superior, since it 
leaves no scars. 

In order to place a pin in the diaphysis of a phalanx or a metacarpal bone, it must be 
passed through a joint. For this reason we have not used pinning in these locations. 

We are putting the finishing touch to a surgical method in the treatment of inter- 
trochanteric fractures, with intramedullary pinning as one of its principles. A report of 
this will be published later. This cannot be included properly in a discussion of diaphj'seal 
fractures. 


SUMMARY' AND CONCLUSIONS 

1. Osteosynthesis bj^ the medullary route respects the three great principles of treat- 
ment of fractures, — reduction, fixation, and mobilization. Reduction must be excellent, 
since the introduction of the pin requires anatomical continuity of the bone canal. In 
fixation, the pin is Y'ery strong and firm, and assures a powerful immobilization of the 
fragments. Since it takes hold through the entire diaphysis, the forces of torsion and 
flexion are diffused OY-er a wide area. MoreoY'er, the presence of the foreign body in the 
soft bone accelerates the formation of callus. As to mobilization, the use of the limb is 
recovered rapidly; axial pressure faY'ors osteogenesis and actii'e moi'einents ai'oid articular 
stiffness, muscle atrophy, and circulatorj’^ disturbances. 

2. Experience acquired by us in fiftj’^-five operations has demonstrated the relative 
simplicity of the method. It is an adYmnce oY-er the other procedures in present use in the 
treatment of diaphyseal fractures of the most important long bones of the skeleton. These 
procedures, in order to be successful, require either exceptional skill on the part of the 
surgeon or great patience and discomfort on the part of the patient. On the other hand, 
the method is not attended by the serious dangers which we might have anticipated from 
the theoretical critics. 
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3. Wo liavc clcscribccl the technique whicii is rccoinincndod for each area, and ^ve 
liavc pointed out the dithculties wliicli liavc been surmounted, as in the application of any 
new surgical procedure. 

4. The results obtained in twenty-three diaph 3 'scal fractures of the femur, ten of tlie 
leg, nine of the humerus, and thirteen of the forearm have been analyzed critically. We 
have outlined the operative indications. AVc do not advise intramedullary pinning in com- 
pound fractures. AVe recommend it enthusiastically in closed fractures, especially of the 
femur and of the foi’carm, where this method gives the solution of a problem not met 
satisfactoril}’- up to the present time. 
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RECONSTIUTCTIVE SURG]i]RY IN PATIICNTS WITH WAR FRACTURES 

OF TJIE ANKLE AND FOOT 


nv LIKU'I'KXAN’r COLOMCL SPKXCICH T. SXEOECOR 
Mcilictil Corps, Artup of llie Vnitvd Slalcs 

At Valley Forgo General Hospital, meinhers of the Orthojjaedic Service have had the 
ojiportunity for over two 3’’ears of observing and treating manj’' severe font injuries in 
patients who have come hack from the various theaters of war. Most of the patients 
returned from overseas at least four to eight weeks after the occurrence of the fractures, 
and therefore they were usually in the intermediate jdiasc of treatment. Thus surgery for 
them was not of an cmorgcnc}' nature. Time and care were taken to study their basic 
tissue defects and structural defects and to follow the progre.ss of healing. In addition, 
much thought was given to jdanning reconstructive surgoiy, upon the general thesis that a 
living foot which has reasonable stabilitj’, sensation, and comfort, even though it may be 
serioush" deranged, is more desirable than an artificial foot. Onlj’’ two of the patients re- 
quired am]nitation. 

When a careful examination of the foot had been completed, a plan of treatment was 
laid out for the intermediate stage. Final reconstructive surgery might be contemplated, 
but the foot was often given the test of time and use before this was carried out. 

If there was an open wound, the foot was soaked and bathed in sterile, warm, soapy 
water. The wounds were cleansed; sinuses were probed and indgated. Loose or e.\'posed 
pieces of bone and foreign material were removed. The dressing consisted of one layer of 
close-meshed vaseline gauze to cover the wound surface, with the usual gauze squares on 
top. 

Next the foot was placed, as accuratclj’- as possible, in normal weight-bearing align- 
ment under the tibia, with the ankle joint at an angle of 90 degrees. The calcaneus was 
placed either in a direct line or in slight inversion, but the foot itself was slight^ everted. 
The contour of the foot and of the arches was molded into a relationship as nearly normal 
as possible, and plaster was applied. The cast was padded as little as possible. 

The casts wmre changed at intervals of one, two, or three weeks, depending upon such 
factors as the comfort of the patient, the type of injury, and the amount of discharge. The 
soldiers preferred casts so that they could get up and go about, but occasional^ a deep 
wound behaved better when the foot wms elevated in bed and the dressings were changed 
frequently. Surface wounds healed more rapidly wdien exposed to the air. Weight-bearing 
was often begun wdiile the patient wms still in plaster, by adding a walking iron. When 
rigid support could be abandoned, a flexible Unna’s gelatine boot or elastoplast w^as applied. 

TRIAL STAGE 

The trial stage \vas a period of weight-bearing in a shoe with proper support. Over a 
period of weeks and sometimes of months, the patient was watched to see wdiat Nature 
would accomplish toward banishing the limp and restoring painless weight-bearing. 
One' patient with bilateral fracture of the calcaneus, for example, went back to limited 
duty for twelve months, before he returned and said that his feet -were too painful to con- 
tinue such activity. Proper walking had to be insisted upon. Arch supports were fre- 
quently needed. A metatarsal bar was often helpful in fractures of the tarsus and fore 
part of the foot, and a Thomas heel added an element of stability and control to the shoe. 

The rehabilitation program was built upon three principles: 

1. Walking is the best physical therapy for an injured foot. 

2. A patient cannot walk on either a swollen foot or on one without adequate shoe 
support. 
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Fig. 1-xV Fig. 1-B 

Case 1. Private First Class A. R. W. The patient was injured m a jeep collirion, in England, 
in March 1944. 

Fig. 1-A: Shows painful unstable ankle joint, with non-union of fibula. 

Fig. 1-B; Postoperative result. 

3. Swelling can be prevented by adequate elastic support, or it can be relieved by 
elevation and exercise. 

The Physical Therapy Department was of decided aid in promoting the recovery of 
these feet. The crusty foot with drj’- skin that had just come out of a cast was benefited 
by whirlpool baths and oil massage. The foot that tvas bound up with scar tissue was 
helped by the softening effect of the baths and manipulation. Proper walking habits were 
taught. The therapeutic gymnasium had a number of helpful foot exercises, which in- 
cluded use of the bicycle, rowing machine, inclined boards, steps, and mirror walking. 



Fig. 2-A Fig. 2-B Fig 3-A Fig 3-B 

Ca^c 2. Captain B. P. P. (Medical Corps). This Case 3. Pniate D.McC. 

officer was injuied in September 1943, when he fell Fig. 3-A A Pott’s fracture of the left 

horn a bicycle dunng a black-out in England. Open ankle was sustained in Januan- 1945. There 

eduction was performed in England after eight was persistent pain on dorsiflexion of the 

\gcks, because of non-umon. foot, caused by bon\' proliferation beneath 

riG 2-A; Screw fixation was unsuccessful. the medial malleolus. 

Fig. 2-B: Union occurred after final operation. Fig. 3-B; Shows postoperative clcarinc 
with bone graft, in March 1944. 
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Fig. '1-A 



Fig. 4-B 


Case 4. Private T. F. Patient was wounded by a mine 
explosion in March 1943, while riding in a jceji in Tunisia. 

Fig. 4-A: Roentgenograms show severe distortion of 
ankle and subtalar joints and multiple fractuies. 

Fig. 4-B ; Shows postoperative arthrodesis, with slidini 
bone graft. 

carefully analyzed and the line of the weight 
evaluated. 

3. 

pation of improvement, surgery 


ClOXr.HAL PUIN’CIPUK.S OF SURGERY 

The objective of treatment was 
a painless weight-bearing foot which 
would carry the soldier through a use- 
f\d life. To obtain this, the .following 
basic procedures were used, alone or 
in combination; (1) restoration of 
structural continuity, where bony de- 
fects were ju’cscnt; (2) correction of 
weight-bearing malalignments; and 
(3) arthrodesis of joints which were 
painful or disintegrated. 

Flexibility of the foot w'as sec- 
ondary to good weight-bearing align- 
ment. A painful joint was much more 
disabling than a stiff one. iSlature was 
kind to this strong-muscled, youthful 
groui) many men finally recovered 
fine callable feet. In general, however, 
a badl}’- damaged foot proved to be 
Imndicairped, regardless of how much 
could be accomplished by skin grafts, 
bone grafts, joint fusions, or rearrange- 
ments of bone alignment. 

A number of factors w'ere evalu- 
ated in each case before surgery was 
undertaken: 

1. The character of the patient 
was taken into consideration, in an 
attempt to find out whether he was 
making a real effort to use his foot. 

2. Accurate localization by ex- 
amination and roentgenogram were 
employed to determine the exact cause 
and source of the pain. The gait was 

thrust down the limb into the foot was 

if there was a reasonable antici- 


An estimate of the operative result was made and, 

was advised. 


ANKLE JOINT 

Complications: Relaxation of the tibiofibular synarthrosis folloAving ankle sprain or 
fracture Avas one of a number of late complications of injury around the ankle joint. In 
Case 1, the Avdiole foot tended to evert and roll outward into a painful Amlgus position as 
AAxight A\ms thrust upon the ankle. OperatiAm interference Avas helpful in restabilizing the 
ankle joint. The excess of soft tissue betAveen the two bones, which by now had become a 
bursa, A\ms curetted out so that the bony surfaces came into lateral contact. Then a bolt 
Avas inserted transAxrsely through the fibula and into the inner side of the tibia, about one- 
half incli above the joint. Nuts and washers AA'ere applied to bind these bones tightly to- 
gether and to restore a rigid joint mortise. After eight weeks, the bolts Avere rernoA^ed. In 
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Fig. 5-A Fig. 5-B Fig. 5-C 

Case 5. Sergeant X. R. Patient was wounded by shell fragment, while in Tunisia. 

Fig. 5-A: Metal fragment maj’ be seen in joint. 

Fig. 5-B : After removal of fragment. 

Fig. 5-C : Persistent pain made ankle fusion necessary. 

this case, the added complication of non-union of the fibula was the causative factor in 
loosening the tibiofibular synarthrosis. 

No7}-Union of the Medial Malleolus: After a Pott’s fracture, it was quite common to 
find that the medial malleolus had not formed firm bony union with the shaft of the tibia. 
In many of these cases there was strong fibrous union, which served adequatelj*. Pain 
remained in some cases when the foot was turned inward, however; and these cases were 
helped by surgery. The corrective operation was not nearly so simple in these late cases 
as it appeared at first glance. Two or three operative failures were encountered, including 
one in a medical officer (Figs. 2-A and 2-B). First of all, it was quite difficult to loosen the 
malleolus sufficiently to bring it into good apposition with the body of the tibia. By the 
time this had been accomplished, much of the medial ligament had been pried off. The 
next step was to hold the malleolus in contact. Screws were usuallj’’ inadequate, because 
the threads did not hold in the cancellous bone, but occasionally a long wood screw would 
hold. It was found better to drill a hole across the lower end of the tibia and thread a 
hea%'y wire circumferentially through it, under the malleolus. When the wire was tightened, 
it snubbed the little fragment into place and also left an open surface for a small sliding 
bone graft. In view of the operative failures, this precaution seemed an additional insur- 
ance for union. 

Bony Masses or Proliferations Beneath the Malleoli: After ankle fractures, bony 
masses or proliferations were found either in the anterior part of the medial ligament of 
the ankle or laterally in the anterior talofibular ligament. Painful dorsiflexion of the foot, 
with a localized tender mass of bone, confirmed by roentgenogram, was the indication for 
operative removal. A good result was obtained in Case 3 (Figs. 3-A and 3-B). 

Valgus or Eversion of the Foot: This deformity, which occurred frequentlj^ after ankle 
fractures, was caused by outward angulation or displacement either of the lateral mal- 
leolus or of both malleoli. It was the most common complication of inadequately reduced 
ankle fractures of the Pott’s type. Experience with the severe deformities (Figs. 4-A and 
4-B) has shown the need for extensive reconstruction of the ankle joint. Usually both 
malloli had to be refractured in order to restore a semblance of the normal joint mortise, 
and in the severe cases an arthrodesis was done because of tbe extensive damage to the 
cartilaginous surfaces of the joint. 

Distortions and Irregularities in the Articular Surfaces of the Joint: These abnor- 
malities followed fractures of the tibia or the talus, which involved the joint surfaces. In 
severe cases, it was evident at once that the gross distortions of the joint surfaces would 
result in hopelessly painful ankles. In milder cases (Figs. 5-A, 5-B, and 5-C) . the damage 
0 the joint surface, particularly that of the talus, was not so severe originally, but as 
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months went by the joint became more and more painful, and roentgenograms revealed 
further destruction of the cartilaginous surfaces^ The treatment for this tj'pe of painful 
ankle joint was fusion of the joint. A fused ankle joint was found to be not so much of a 
handicap as might be expected, and the patient in this ease walked without a limp. 

Some of the operations were performed without a bone graft across the joint, but in 
most instances early fusion was made more certain bj’^ an inlay graft down the front of the 
tibia into a slot in the talus. The most difficult part of the procedure was to free the liga- 
ments from the malleoli so that the talus was seated firmh’^ against the tibia, after the 
cartilaginous surfaces had been removed. Care was taken to place the foot in a slightly 
posterior position and in 10 degrees of equinus. The gi’aft was then cut from the front of 
the tibia and slid down into the receiving slot in the talus, as shown in Figure 4-B. Three 
or four months of plaster fixation were necessary, but a walking cast was used for the last 
two months. 


FRACTURES AND DISLOC.ATIONS OF THE TALUS 

These talar injuries gave disabling end results, under the best of conditions. On the 
Valley Forge Orthopaedic Service, there have been at least a dozen severe talar injuries. 
The fractures were the result of extreme violence and were often compound and com- 
minuted. The head or bod}' of the bone, or both, were usually dislocated.- In three cases 
the bod}* was dislocated backward and rotated behind the ankle joint, so that it had been 
impossible to reduce the fracture. Furthermore, the body usually became sclerotic be- 
cause of inadequate circulation. This group of foot injuries constituted the worst cases. 
The distortion of the bones often was grotesque. Several of the cases were complicated by 
simultaneous tibial or calcaneal fractures, or both. 

To restore the weight-bearing continuity of the foot without serious pain, two types 
of reconstructive procedure were performed: 

1. Astragalectomy (three cases) : In the first patient, the body of the talus was dis- 
located and dead. After excision, the clinical result was only fair. Although his foot was 
placed properly, so that the tibia was seated just behind the navicular, and circulation was 
good, the soldier still had a decided limp and some pain. The second patient (Case 8) was 
an officer, upon whom an astragalectomy had been performed overseas early, be.cause of a 
bad dislocation and compound fracture. The result was reasonably good. With a built-up 
heel in a special shoe, he could walk short distances with very little limp or pain. The third 
patient came back from overseas with a large open wound ; the talar fragments were badly 



Fig. 8-A Fic. S-B 

Case 8. Lieutenant L. H. W. Patient was injured in crash of a C-47 plane in Italy. 
Fio. 8-A: Roentgenogram shows the dislocation of the talus. 

Tig. 8-B : Shows final position, after earl}’ astragalectomy overseas. 
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Fig. 9-A Fin. 9-IJ 

Ca.^o 0. Sergeant F. G. Soldier wa.'-- injuiTd Ijy 
.‘^licll fragmenl in Italy, in Koveinljor 15)13. 

Fig. 9-A: Roentgenogram .■’liow.s traninatic ar- 
tliriti.s of subtalar joint. 

I''ig. 9-B: Sliows postoperative fusion of .sub- 
talar joint. 
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Fjo. 10-A Fig. 10-B 

Ca.se 10. Corporal S. 0. Accidental self-in- 
flicted giin.sliot wound of foot occurred, through 
the calcaneocuboid joint. 

Fig. 10-A: Before operation. 

Fig. 10-B: Sliow.s result after triple arthrod- 
esis. 


dislocated. It was nccessaiy to remove all of the pieces before drainage ceased. An even- 
tual fusion between the tibia and calcaneus will probabty result. 

2. Arthrodesis of the Ankle or Subtalar Joint for Double Fractures: In several 
patients, including Case 4, all three bones had been involved, so that an arthrodesis of the 
ankle and subtalar joint was necessary. At the time of these operations, a number of 
questions arose. Should the sclerotic bod}' of the talus be saved? Should tibial bone grafts 
be inserted to build up defective surfaces in order to equalize the alignment; or should the 
uneven side of the bone be removed to obtain weight-bearing stability, and thus shorten 
the foot? Could all of the cartilage be removed to assure fusion; or should a bone graft be 
slid down from the tibia, along the outer border of the neck of the talus, into the body of 
the calcaneus? These questions required fine surgical judgment in each individual case, 
and often they could not be answered until actual conditions were brought to light at the 
time of operation. The patients in this categoiy had tremendous injuries and a great deal 
of soft-tissue damage, as well as gross distortion of structure. The foot has been preserved, 
but the results have been only fair. 

A less severe, but complicating, injury witii multiple fractures involving the lateral 
malleolus, the outside of the talus, the calcaneus, and the cuboid is shown in Case 6. The 
patient was a medical officer with the paratroopers. After the final subtalar reconstruction 
and fusion, he had a very satisfactory foot. 


FRACTURES OF THE CALCANEUS 

Many patients with severely comminuted compound fractures of the calcaneus had 
serious residual problems. This discussion concerns itself with three types: (1) severe 
unreduced fractures in which the body was so displaced that the tuber angle was grossly 
changed and, in some cases, was reversed; (2) those in wdrich the fractures, irregularities, 
or loss of substance entered directly into the subtalar joint and frequently into the cal- 
caneocuboid joint; and (3) those with chronic osteomyelitis of the body of the calcaneus. 

1. Unreduced Fractures: Several of these fractures required open reduction as soon 
as the tissue reaction permitted and the wounds were healed. The principles of operation 
were twofold. First, the general alignment of the bone was restored and the fragments 
were molded into a contour as normal as possible; and second, a triple arthrodesis of the 
subtalar, talonavicular, and calcaneocuboid joints was done. Such a problem is illustrated 
in Case 7. Six weeks elapsed after the original injury before the patient was returned to 
the Zone of the Interior. The pull of the gastrocnemius had reversed the angle of the body 
more than 45 degi’ees, and what was left of the fore part of the calcaneus Avas severely 
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comminuted. At oimration. the gas- 
trocnemius had to l)e lengthened one 
and one-half inches; even then the 
deformity tended to recur, so that 
the body of the calcaneus was held 
down by a pin which jiassed through 
it and into the astragalus, as shown 
in Figure 7-B. The foot was fixed 
accm-ately in slight equinus and 
valgus. The final results in this case 
and in other cases of this type of frac- 
ture have been fairly satisfactory, in 
comparison with the severity of the 
fractures. 

2. Deformities of Joints: The 
second type of follow-up problem in 
these calcaneal fractures was the handicapped foot which continued to be painful after a 
test of weight-bearing. The most common location of this pain was beneath the lateral 
malleolus, where it was caused b}- a widening of the calcaneal bulge. In one or two cases 
where this alone seemed to constitute the disability, a simple operation of gouging out 
the bulge of bone was followed b}"^ definite improvement. In the majority of instances, 
however, the source of the pain was demonstrated to be in the subtalar, calcaneocuboid, 
or talonavicular joint, or in a combination of these joints. For simple traumatic arthritis 
m the subtalar joint, without serious bone deformity, the Gallie operation was done, as in 
Case 9. This consisted of making a slot in the posterior subtalar joint, through a posterior 
incision, and inserting a tibial graft. For the more serious deformities, the customarj’’ 
triple arthrodesis was the standard operating procedure and the results were good (Figs. 
10- A and 10-B). 

3. Infected Comminuted Fractures of the Body: This problem was fairly common 
and was most difficult to conquer. Frequentljq compound splintering injuries of the heel 
became infected, and the persistent low-grade osteomyelitis in the cancellous body of the 
bone required radical measures before it could be controlled. Case 11 illustrates the prob- 
lem. After two or three ineffective sequestrectomies, a radical saucerization was performed ; 
the top of the cavity was unroofed ; and skin flaps were collapsed into the cavity. Healing 
then occurred. 



Fig. ll-A Fig. 11-B 

C.T-e 11. Private W. L P. Patient was wounded b}' 
shrapnel in March 1943, in Africa. 

Fig. 11-A- Compound comminuted fracture of body of 
calcaneus resulted. 

Fig. 11-B: Wound healed after radical saucerization, 
iinioofing of cavity, and covering with skin flaps. 



Fig. 12-A Fig 12-B 

Case 12. Private P. R. Gunshot wound of foot by own rifle occurred m Africa. March 1943. 
IG. 12-A; Shows loss of most of nawcular. 

viG. 12-B: Shows result after tibial bone grafts fused the space between the talus and cuneiforms. 
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Here, also, (he problems of war surpery were somewiiaL cliffcrent from tliosc associated 
with civilian injuries. Fractures and distortions of the mid-tarsal bones in civilian life ‘ 
result largely fi'om crushing injui-ies of the foot. In wai', (bey come from gunshot or 
shrapnel wounds of the foot. At (his General IIo&j)ital, .such injuries were seen often in the 
intennediate stage, whih* (he wound was still open and there were draining sinuses or 
deep open pockets into the hone; and later, in the final stage, when (he wound had healed 
with a had soar which first requii'cd replacement with a full-thickness .skin graft. When 
the skin and soft (i.^'snes had healed, a pc'riod of weight-bearing was allowed to determine 
the exact structural weakness and the amount of pain which would develop. The circula- 
tion and the appearance of the foot imi)rovcd materially with weight-bearing and exercise, 
but points of stress began to aiijmar and the rougli joints became painful. Roentgenograms 
helped to disclose the exact structural dcficicnc}’’ or joint irregularity. 

Specific problems of the mid-foot were concerned with: 

The Navicular'. A deformity of the navicular, cither into the talar joint or the cunei- 
form joints, caused disabling pain, because it was in the line of the direct weight-bearing 
thrust. To eliminate this, fusion across the talonavicular joint was accomplished in several 
cases b}’ using a small inlaj' bone graft from the inner lip of the navicular. The results 
have been fairly good. Case 12 shows a fusion of the talonavicular and cuneiform bones 
(Figs. 12-A and 12-B). 'W’herc marked loss of substance of the navicular had taken place, 
or there was a distortion of the talonavicular joint, the calcaneocuboid joint had to be 
evened up in substance and a triple arthrodesis comjiletcd. Here, also, reasonably good 
results were obtained ; in the main, the triple arthrodesis gave a good end result in those 
cases in which it was indicated. 

The Cuboid: This bone and its joints were often affected by bullet or shrapnel wounds 
of the outside of the foot. There was usually so much destruction in the calcaneocuboid 
joint that a triple arthrodesis had to be done. In two or three instances, an added com- 
plication was the loss of bone between the remnants of the calcaneus and the cuboid, so 



Fig. 13-A Tig. 13-B 

Case 13. Piivate W. M. W. Patient sustained gunshot wound of foot by own rifle in foxhole in 
Africa, in March 1943. 

Fig. 13-A ; Shows defect in calcaneocuboid articulation. 

Fig. 13-B : Shows fusion with bone-graft bridge. 
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Fig. 14-A Fig 14-B 

\, C.i'c 14. J. S. Patient «as ^\ounclocI liy shrapnel in Xomiandy. in July 1944. 

'' Fig 14-A; Fore pait of foot was flail because of loss of most of naricular and cuboid 
Fig. 14-B; Shows the mid-tarsal fusion. 

that the foot would have been iiaclly shortened if the navicular had been removed or the 
talus had been shortened to bring them into contact. The choice in such cases was to 
bridge the defect with a hone graft fFig. 13-Bl. The results here have also been good. 

The Navicular and Cuboid: In two cases (Fig. 14-A), both of these bones were blown 
out in a wound across the foot; and, when the soft tissues had healed, the fore part of the 
foot was flail. The men walked on their heels, almost as if the fore part of the foot were 
missing. At operation, the scar tissue was cleaned out, the remainder of the joint cartilage 
was removed, and the hone remnants were beveled off and matched. The cuneiforms and 
the remnant of the cuboid in the fore part of the foot were brought into opposition with 
the talus and calcaneus. Fusion took place and the end result was a much shortened, but 
reasonably painless and stable foot. 

The Cuneiforms: These small bones were quite often affected in mid-tarsal injuries. 
They sometimes fused spontaneously with each other and with the bones in front of them 
or behind them. In such instances the result was painless, hut a number of patients had 
persistent bone defects with localized pain. In these instances the cavities were curetted 
out and filled with bone grafts from the tibia (Figs. 15-A and 15-B). 



Fig 15-A Fig 15-B 

PrnatcJ. H Soldipi su-tained wound 
oot by own rifle m Tuni-ia, m Januarj' 1943 

Painful aithntis resulted from destmc- 
lon of middle cuneiforms 

Shows postopciatno fusion of cunci- 
m area, w ith bone graft 


Pm ate tV. W. Q. Wound of foot was re- 
, '."‘inn patient’s own rifle discharged, while he 

I 'r’’ August 1943, in South Pacific Fig 16 
s uefect in first metacarpal, bridged by bone graft 

'on. 2 s, xo. 2 ^ \pniL io 4 g 


Fig 16 
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POKE PART OF FOOT 

The fore part of the foot, with its long trail of disabling injuries, could never be , 
treated lightly in the Army. According to a standard of usefulness to the Army, the results 
of all real injuries to the metatarsals and toes were disappointing. Therefore, it is evident 
that Army duty i)laces a heavj’’ strain on the foot. 

The Metatarsals: In our e.xperience, multiple metatarsal fractures usually left a pain- 
ful foot, as far as military duty was concerned. Just what type of surgery to recommend 
for the painful end results of these fractures was a problem. In one or two instances where 
there was a definite localized arthritis of a ])roximal joint, fusion produced a fair result 
This procedure could be recommended, j)rovided due care was exercised in the selection o 
cases, but one had always to determine beforehand whether he could avoid surgery and 
b}" shoe modifications, obtain a reasonable functioning of the foot. 

In a number of instances, gross defects in the metatarsals had to be overcome. Los 
of substance in the first or second metatarsal was made up by bone grafts, as in Case 16 
Gaps in the third and fourth metatarsals were usually left unfilled. The base of the fiftl 
metatarsal, if present, was sufficient for good weight-bearing. Pain-producing deformitiei 
of the metatarsal heads wore corrected, usuall}'^ by resecting the offending spurs or bump! 
carefullj'' but generously. If the whole head had to be resected, the shaft was also taker 
off well back toward the base. Deep scars were most troublesome in this region. 

The Toes: A great man}'' days were spent in Ar-my hospitals Irecausc of injuries to th( 
toes. In retrospect, it would seem that far too much tiinc and effort had been devoted tc 
the rehabilitation of little toes. They should have been amputated early, if this procedure 
was indicated. The big toe presented a serious problem when chronic infection set in 
which kept the bone draining for months and also involved the joints. 

To clear up this chi’onic osteomyelitis, it was found necessary to watch closely and tc 
curette out sequestra as early as possible. As soon as the infective process cleared, the 
residual problem was evaluated. Sometimes the principal handicap was a sensitive scar, 
and the end of the toe could be partially amputated in order to get enough good skin to 
cover the scarred area. If the proximal joint became ankylosed or painful, the operation 
of choice was the Keller procedure, in which the base of the first phalanx was resected. H 
the interphalangeal joint was involved, the joint surfaces were curetted, so that they would 
fuse. 


SUMMARY 

A large number of patients with severe, complicated fractures of the ankle and foot 
returned from overseas to Valley Forge General Hospital. The reconstructive bone sur- 
gery on these cases was interesting and instructive, but often it was only one phase of 
rehabilitation. Surgery itself could meet the following structural demands: restoration of 
bone defects by grafts, correction of malalignments by osteotomies, and elimination of 
painful joints by fusion. The final results were difficult to classify and compare, except 
on an individual basis. The general impression was that they were satisfactory, consider- 
ing the severity of the injuries. 
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THE USE OF PEDICLED jMUSCLE FLAPS IN THE SURGICAL TREAT^IENT OF 
CHRONIC OSTEOMYELITIS RESULTING FRO]\I COMPOUND FRACTU*RES 


BY CAPTAIN’ M’. J. STARK, Royal Canadian Army Medical Corps 

From the Orthopaedic Unit, Special Treatment Centre, Shaughnessy Hospital, 

Vancouver, British Columbia, Canada 

Perkins states that infection of the bone is an almost inevitable sequel to a penetrating 
wound associated with a fracture. The inflammation is unlike that caused by blood-borne 
organisms in that local symptoms and general toxaemia are both less, probably because, 
from the A’erj’ beginning, there is free drainage from the broken bone. 

This osteomyelitis usually pursues one of two courses. Either (1) it clears up within 
( a short time with adequate treatment; or (2) it resolves itself into chronic osteomyelitis, 

- with a draining sinus leading through the soft tissues to the skin. A few cases may persist 
as acute osteomyelitis. In some patients the infection may heal, but have recurrent acute 
episodes. Some of the patients with chronic osteomyelitis may also have acute attacks. 

It is with the cases which resolve themselves into chronic osteomyelitis, with a per- 
; sistent draining sinus, that this paper is concerned. Such cases present problems which are 

- dealt with at an Orthopaedic Unit. 

A draining sinus usually indicates; (1) the presence of a foreign bodj’ or a sequestrum; 
or (2) the continuation of a chronic infection of bone. The roentgenogram is helpful in 
determining the presence of a sequestrum or a foreign bodj’’ ; but occasionally the foreign 
body is not radiopaque, and small sequestra may sometimes be difficult to detect by roent- 
genogram. Chronic infection of bone is often associated with the presence of sequestra 
and of abscess in the affected bone, either alone or in combination. All of the cases re- 
'■ ported were of chronic infection of the bone, and the surgical treatment included removal. 

or attempted removal, of the involved part. No case of simple removal of a sequestrum or 
• ) foreign body is included. 

; t A series of cases in which pedicled muscle flaps were deliberately rotated into osteo- 
myelitic caAuties, following surgical attack on the involved bone, were studied and com- 
pared with a series of cases given similar surgical treatment, without the use of muscle 
r transplants. In all of the cases reported, the wounds were closed at the time of surgery. 

The following attempts at filling the bone eax-ity left by a surgical attack on chronic 
osteomyelitis have been reported; 

1. Transplants of free fat ha^-e been used by Duim, Forrester, and Leonte. 

2. Plastic methods of closing osteomyelitic eaxities by the use of skin and soft tissue 
• been described by Lord. 

3. Sterilized and pulverized resected bone was used by Henseben, following sub- 
,• periosteal resection. 

4. The use of muscle flaps and muscle transplants has been discussed bj* Avelino and 
Alberto Gutierrez, by Marques, and by Stotz. 

^ Dickson and his associates and Key reported favorable results in the surgical treat- 
ment of chronic osteomyelitis by the use of sulfonamides, generally and topically, and 
primary wound closure. The results with the technique described here have not been so 
good as theirs, in spite of the added advantage of a generous supply of penicillin. 

SURGICAL TRE.ATMEN’T 

Group A : Use of Pedicled Muscle Flaps 

There were thirty-two patients in this group. All had chronic osteomyelitis as a result 
0 f a penetrating wound and a compound fracture which had a draining sinus to the skin. 
The usual historj’ was that, since the patient had been wounded, there had been a con- 
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tiniious discharge of purulent lualici- fi-om tlie involved j^ari. The time interval betweei 
injiuy and the operative procedure varied from foui- lo Ion jnonths; in two cases it wa; 
twenty-seven and (Aventy-eight years. In a few cas(!s the wound had been closed for slier 
periods of time in (he past. 


Preoperativc Preparation 

Blood transfusions wei'c used in many ca.sos in which the plasma-protein IcA^el anc 
hemoglobin had become lowered as a result of iirolonged infection of bone. 

Sodium penicillin was injected intramuscularly. The dosages varied from 15,000 tc 
25,000 Oxford units, every three hours. The injections were started forty-eight hours be- 
fore operation and wore continued for iieriods varying from five to fourteen days aftei 
operation. The author favors giving 25,000 units for from seven to eight days, by citliei 
intermittent injection or continuous intramuscular drip. 

Some information was gained bj’’ the jircoperative injection of the draining sinus witli 
iodized poppy-seed oil, and by roentgenograms. It was also thought that methylene blue, 
injected twenty-four hours before ojieration, Avas of some A'aluc during the actual operative 
procedure. It was not used, of course, when radiojiaque oil had been utilized. 

Operative Procedure 

1. Careful excision of the sinus tract and of the involved soft tissue is important. 

2. Fairly radical attacks on the iin'olved bone are deemed necessaiy. A moderately 
large amount of bone Avas removed in cA'cry case in an effort to eradicate the focus, to drain 
any abscesses that might be ju-esent, and to rcmoA'c all sequestra. This sometimes neces- 
sitated the removal of a small amount of normal bone. 

3. The Avholc AA'ound is then AAaashed AAuth large amounts of normal saline solution or 
dilute penicillin solution, in a strength of 1 to 250. Penicillin cream and a 50 per cent, mix- 
ture of sulfanilamide-sulfathiazolc poAvder are sAvabbed generously into the entire wound. 

4. A muscle transplant, Avith a ])edicle attached to the main muscle, is then prepared 
from a muscle Avhich is most couA'cnicnt to the osteomyelitic cavuty. This is a relatwely 
simple procedure, although a knoAvlcdgc of the innerA’ation and the blood supply of the 
muscle being used is essential. Since most of the muscles associated Avith the long bones 
pursue a longitudinal course, the transplant may be prepared from a proximal or a distal 
direction. It is best to haAm the pedicle as close to the involved bone as possible. The 
muscle flap is prepared to approximate the size of the bone defect, and it is then directed 
into the cavity. Severe tAvisting or angulation of the muscle is to be aAmided. It is not 
necessary to anchor the muscle to the bone AAuth sutures. 

5. The soft tissues are then closed, if possible, and the skin is approximated Avith 
interrupted sillcAvorm sutures, Avithout drainage. 

6. A plaster-of-Paris cast is then applied. 

Postoperative Care 

Penicillin is continued for periods Amrying from fiAm to fourteen days, as mentioned 
previously. The plaster cast is usually remoAmd in tAAm AA^eeks and the wound is inspected. 


TABLE I 


Bone 

Affected 

Number 
of Cases 

Number Which Remained 
Closed After Surgeiy 

Femur 

10 

9 

Tibia 

12 

9 

Humerus 

S 

7 

Ilium 

2 

2 _ 

Tot.als 

32 

27 
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Results 

Of the thirty-two wounds which were lifindlcd in this manner, twenty-seven, or 84 
per cent., liave remained closed (Table I). 

Bacteriology 

In many of the cases there had been contamination with penicillin-resistant organisms, 
such as Bacillus yroteus, Bacillus pyocyaneus, coliform organisms, including Bacillus coli, 
and some hemolytic streptococci (which were proved to be resistant to penicillin by special 
testing). These bacteria were present in wound cultures, in addition to the organisms 
which arc considered to be suscciitiblc to i)enicillin. Of the twenty-seven patients whose 
wmunds remained closed aftei- surgery, the preoperative cultures on twenty-three (85 per 
cent.) revealed the in-csencc of one or more organisms of the penicillin-resistant group. In 
the five patients -whose w'ounds did not remain closed after surgeiy, penicillin-resistant 
organisms were found in three cases, or 60 per cent. 

Group B 

This group of fortj’- cases -was reviewed for comparison with Group A. Both groups 
were handled and treated surgically in an identical manner, except that no deliberate 
muscle fiap or transplant was I’otatcd into the osteomyelitic cavity. In eight cases in 
Group B, rubber tube w'as left in the wound for penicillin irrigations. The author’s 
experience with this method of treatment has not been favorable. 

Results 

The results arc shown in Table II. 


TABLE II 


Bone 

Affected 

Number 
of Cases 

Number Which Remained 
Closed After Surgeiy 

Femur 

16 

6 

Tibia 

14 

6 

Humerus 

6 

4 

Radius 

2 

1 

Pelvis 

2 

0 

Totals 

40 

17 _ 


The wounds remained closed after surgery in 43 per cent, of the patients. 

Bacteriology 

Of the eighteen patients in this group whose wounds remained closed following sur- 
gery, penicillin-resistant organisms -n^ere cultured in five instances, or 28 per cent. In the 
twenty-two cases which did not remain closed, penicillin-resistant organisms were found 
in fifteen cases, or 68 per cent. 

A few favorable cases are reported. All are from Group A and were treated by the 
method described ; muscle flaps were used in the cavities of the long bones. 

CASE REPORTS 

Case 1. R. W., a white male soldier, aged twent 3 ^-five, sustained a compound fracture of the left 
humerus on Julj’’ 23, 1943, from machine-gun fire. On physical examination he had union of the fractured 
humerus, clinically and roentgenographicalb’-, but he liad a draining sinus on the posterolateral aspect o 
the arm at the junction of the upper and middle thirds, in the region of a partially healed scar. Severa 
sequestra were seen bj^ roentgenogram. A culture contained Bacillus proleus and Staphylococcus aureus- 
An operation on the sinus tract, scar tissue, and bone was performed in December 1944. A muscle flap 
from the triceps muscle was rotated into the bone cavity. The wound healed in ten days. Si.’r an 
one-half months later there was no recurrence of the disease. 
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Case 2. A. B., a white male, aged fifty-five, was injured in 1916 by shrapnel. He had a compound 
fracture of the right humcnis with resultant chronic osteomyelitis. The wound had been draining inter- 
mittentl}’ since the injurj', and had never been closed for more than three months. Physical examination 
revealed a draining sinus on the medial aspect of the lower humerus, which was the center of a three-inch 
scar (Figs. 1-A .and 1-B). Staphylococcus aureus .and Bacillus coU were cultured. At operation in May 
1945, a muscle fl.ap, which w.as attached to the triceps mu.«cle, was used in the osteom 3 ’elitic ca\’it 3 \ The 
wound had healed when the plaster w.as removed, in eighteen da 3 ’s (Figs. 1-C and 1-D). Three months 
later, the wound w.as still closed. 

C.ASE 3. H.F., a white male soldier, aged thirt 3 --four, was injured in Ma 3 ' 1944 b 3 ’^ shrapnel, and 
sustained a compound fracture of the upper humerus and scapula. The wound had never been closed. 
Ph 3 ’sical examination disclosed a draining sinus on the anterolateral aspect of the upper third of the left 
humerus, in the center of a four-inch scar (Fig. 2-A). Staphylococcus aureus was obtained on culture. 
At operation, in October 1944, a flap of deltoid muscle was used in the bone cavit 3 '. The wound had 
healed in ten d.i 3 -s, .and there w.as no recurrence in eight months (Fig. 2-B). 

Case 4. G. A., aged thirt 3 ’-two, a white male soldier, was injured in Ma 3 ' 1944, and sustained a com- 
pound fracture of the right tibia with resultant chronic osteom 3 ’elitis. Ph 3 'sical examination revealed a 
draining wound on the anteromedial aspect of the middle third of the right tibia (Fig. 3-A). A culture 
contained Staphylococcus aureus and Bacillus coli. Operation was performed in Februar 3 ' 1945, and a 
muscle flap from the soleus was used in the bone c.avit 3 ' created (Fig. 3-B). 

C.\SE 5. A.H., a white male soldier, aged twent 3 --five, sustained a compound fracture of the left 
tibia in June 1944, due to shrapnel. Plo'sical examination disclosed a draining sinus on the anteromedial 
aspect of the left tibia. Hemoh'tic streptococci and diphtheroids were present on culture. Operation 
was performed in M.arch 1945 ; a muscle flap from the soleus was used in the osteom 3 'elitic ca\-it 3 -. The 
wound healed in three weeks and there had been no recurrence in four months. 

C.ASE 6. E.M.. a white male soldier, aged twent 3 '-thrce, sustained a compound fracture of the right 
tibia in August 1944, from a shrapnel wound. This wound had never been complete^' closed since the 
injurt- occurred. Examination revealed a draining sinus and a wound on the anterolateral .aspect of the 
upper third of the right log (Figs. 4-A and 4-B). A culture was positive for hemolytic Staphylococcus 





Fig. 2-A 

Case 3. Left humcnis. Before operation, 
'on. 28, XO. 2, APRIL inic 



Fig. 2-B 

After operation. 
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Fig. 3-A 

Case 4. Right tibia. Before operation. 


Fig. 3-B 

After operation. 



Fig. 4-A Fig. 4-B Fig. 4-C 

Case 6. Right tibia. 

Fig. 4-A: Anteroposterior view before operation. Fig. 4-B; Lateral view before operation. 

Fig. 4-C : Lateral and anteroposterior views after operation. 
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albii\ and nnnlhi\ prnti>i\ At operation, in April 1945, a muscle flap from the tibialis antenor was used 
m the ca\ity (Fig 1-C). The i\oim(l healed m ‘-ivtccn <la\s. iMth no recurrence of drainage. 

7. L D., a white m.ile •-oldier. aged twenty-eight, rccened a shrapnel wound of the left femur 
in September 1914. .and siistamed a lompound fnactiire Examination reiealcd that the fracture had 
heated clinically. (This was conrirmed by roentgenogram ) There was a wound and a draining smus on 
the medial aspect of the lower third of the thigh. It had drained con'tantly since he had been wounded 
Baalhf! profciis and diphtheroid- were pre-eiit on culture Operation was performed m April 1945. and 
a mu'clc flap from the lastus mediati- wa- u-cd m the osteomyelitic caiity. The wound healed m three 
wcek« with no recunento in four months 

Ci-K S C L . .1 white male, aged fiftv-fiie. sustained a compound fracture of the right femur in 
1918, with o-leoniyehtis He had had intermittent drainage from a sinus on the lateral aspect of the 
thigh since that time Examination ro\ caled a draining sinus on the lateral aspect of the middle third 
of the nght thigh. .V culture was positnc for Staphijlococcus aureus and Bacillus pyocyaneus. At opera- 
tion. in December 1914, a muscle flap from the \astus lateralis was u~ed Plaster was remoied m twentx' 
dajs, and at that time the wound had healed There had been no recurrence m six months 

C\SE 9. H.H , a soldier, aged twenty-fiie, sustained a shrapnel wound in Januarj' 1944, which re- 
sulted in compound fracture of the nght femur with resultant chronic osteomyelitis Examination 
reiealed a draining sinus on the posterolateral aspect of the region of the greater trochanter Staphylo- 
coccus aureus and Bacillus pyocyaneus were obtained on culture Operation was performed in January 
1945, and a muscle flaji from the gluteus maximus was rotated into the canty The wound healed m 
fourteen days, wuth no recurrence in six months 

CiSE 10 G.H , a white male soldier, aged twenty-nine, was injured m December 1943 bj machme- 
Eun fire, and sustained a compound fracture of the left ilium Exammation rerealed a draimng smus 
and an old wound on the lateral aspect of the nght iliac crest Staphylococci, both hemolj-tic and non- 
hemolytic, were obtained on culture. Operation was performed in Januarj’ 1945. and a portion of the 
gluteus medius was placed in the ca\itj’ produced. The wound healed m twehe daj’s; no recurrence 
had taken place m six months 


USE OF MUSCLE TE4.NSPLA.NTS 


F emur: The femur is covered by muscle in all of its middle third, most of its lower 
third, and part of its upper third. If the focus of infection is in the middle or lower third, 
either the vastus medialis, the vastus lateralis, or the vastus intermedius may be used. It 
IS easier to design a pedicled muscle flap from the vastus lateralis or the vastus medialis 
than from the more closely adherent intermedius, which is usually inx’oh’ed in the infec- 
tious process In the upper third of the femur, portions of the x'astus lateralis, the gluteus 
maximus, and the tensor fasciae latae are axmilable for transfer, depending upon the loca- 
tion of the focus. 


Tibia : Difficulty arises here, since the easiest exposure to the bone is through an antero- 
medial incision, and in many cases the osteomyelitis mx’olves the anterior cortex of the 
tibia. This obstacle can be ox’ercome by remoxdng additional bone from either the medial 
or the lateral border of the tibia, as the case dictates. In this manner a muscle flap can 
be placed in the cavity. Thus in the upper three quarters of the tibia, a portion of the 
tibialis anterior can be used from the anterolateral site ; from the posteromedial site, the 
medial head of the soleus is axmilable. In the lower quarter of the tibia, it is somewhat 
ifficult to use a pedicled muscle flap because of the lack of ax’ailable muscle. 

Hianents: In the upper half of the humerus, the deltoid muscle is used. The triceps 
las been used in practically all positions in this bone. 


General Considerations 

^ It must be emphasized that a knowledge of the neiwe and blood supply of the muscle 
0 be used is necessarj^, and that the muscle flap should hax’e a connection with the main 
muscle through the pedicle. Transfers of free muscle are not recommended. 2xo serious 

IS uibance of function has result'ed from the use of a portion of the main muscle for this 
purpose. 

■ fl procedure is flexible. At times the muscle of choice is inx’olved in the chronic 
n ainmatorx’ process and a transplant from another muscle m the vicinity can be used. 
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DISCUSSION 

The author agrees with Key’s statement tliat: “In chronic osteomyelitis, continuous 
administration of the drug over a long j^criod will lessen the amount of discharge, but it 
will not cure the disease, because it, cannot sterilize dead bone or cavities with necrotic 
contents and rigid walls”. The problem is a mechanical one and it is felt that, besides the 
necessity of removing dead and infected bone and soft ti.ssue, it is equally important to 
deliberately fashion a muscle flap and place it in the bony defect created, if elimination of 
the focus of infection and of the draining sinus is anticipated. 

In some positions the use of a pcdicled muscle transplant in an osteomyelitic cavity 
is impossible, either because the muscle has been involved in the disease process, or because 
it is normally too distant from the part. However, the method has a wide application. 

The favorable results following the use of muscle in bone after adequate surgery 
cannot be attributed alone to the u.‘^e of j>cnicillin, administered sj^stemically or used 
topically. Penicillin will diminish the po.ssibility^ of spread of infection by penicillin- 
sensitive organisms and would seem to have favorable effects on the same organisms 
when used locally, if it is directly in contact with these bacteria. 

CONCLUSIONS 

1. The use of pedicled muscle flaps in the surgical treatment of chronic osteomyelitis 
is a useful procedure, since 84 per cent, of the wounds remained closed after operation. In 
cases treated identically, except that a muscle transplant was not rotated into the osteo- 
myelitic cavity, only 43 per cent, of the wounds remained closed after operation. 

2. The use of pedicled muscle flaps is recommended in the surgical treatment of 
chronic osteomyelitis from any cause, and its application is certainly not limited to chronic 
bone infection following gunshot wounds and compound fractures. 

3. Muscle which has been deliberately placed in osteomyelitic cavities at the time of 
surgery would appear to have a favorable effect on penicillin-resistant organisms. In 
twenty-three out of twenty-seven cases which were contaminated with such bacteria, or 
85 per cent., the wounds remained closed. 

4. No significant disturbance in muscle function was observed after the use of a 
portion of the main muscle to obliterate the bone cavity which had been created surgically, 
and no serious untoward reactions occurred locally or generally from the closure of these 
wounds. 

Note: The author is indebted to Dr. Jack Naden, consultant to the Orthopaedic Unit, for his advice 
and encouragement in the use of the procedure which has been described; and to Wing-Commander 
R. Robertson, for permission to publish this article. 
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CONDYLAR AIOYEMENT IN THE STUDY OF INTERNAL DERANGEMENT 
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From Ihc Kcir York Dispensary, and the Hospital jor Joint Diseases,* Xew York City 


The normal advance of eacli mandibular condyle beneath the articular eminence or 
anterior to it is synchronous and equal vhen the mouth is opened, as is its retreat into its 
socket when the mouth is closed. Because the condylar advance is equal and even, the 
chin does not shift to either side. The joint moves soundlessljx The two condyles act as 
a unit, since the mandible is shaped like a horseshoe. 

The condyle normally leaves its socket when the mouth is opened between one-quarter 
of an inch and three-quarters of an inch, but it remains within the limits of the capsule of 
the joint. This may be called a dislocation, if comparison is made with the beha\dor of 
other joints (Figs. 1, 4-A, and 4-B) . Hence, it may be said to be the only joint which dis- 
locates normally. The average mouth opening does not exceed one and three-quarters 
inches, and two inches or more is unusual. The angle of the jaw, by indirect or lever action, 
controls mouth opening. The angle must be obtuse for good opening; the average angle is 
between 120 and 130 degrees. The angle of the jaw' is significant mechanically in the for- 
ward thrust of the condyle in opening the mouth. A lesser angle means less thrust in 
mouth opening, and a greater angle forces the condyle more easily under the eminence 
(Table I). 

TABLE I 


CoRREUTiox Between Angle of the Jaw and Mouth Opening in the Normal Indwidual 


Sex 

Age 
( Years) 

Angle of Jaw 
{Degrees) 

Mouth Opening 

Male 

20 

108 

1% inches 

Male 


130 

1% inches 

Male 

26 

128 


Male 


110 

1% inches 

Female 


116 


Male 


130 


Female 


120 

% inch 

Male 

61 

120 

1% inches 

Female 

9 

132 

Good 

Male 

21 

125 

1% inches 


Asynchronous condylar movement produces unequal condylar advance. The more 
rapidly advancing condyle causes a shift of the chin to the opposite side, which is corrected 
only when the slow'er condyle reaches an anterior position equivalent in distance to that of 
Its faster mate. If the slow'er condyle cannot moA'e as far anteriorly, the shift persists. 
The retreat of each condyle is different, as the mouth is closed. The less forward condyle 
retreats into its socket first, since it goes a shorter distance. Deviation of the chin persists 
or IS increased until the other, more anteriorly placed, condyle enters its socket. The shift 
of the chin is always away from the side of greater cond 3 'lar motion, and does not indicate 
per se the side w'hich is involved. 


Normal lateral motion of the jaw is equal in range and involves the advance (anterior 
motion) of one condj'le with the synchronous retreat (posterior motion) of the other. It is 
important to remember this in considering the inequality of lateral movement bj' meniscal 
derangement (Fig. 1). If the advance of one condyle has been stopped bj' meniscal block, 
he synchronj^ of lateral movement is disturbed. Lateral motion is greater toward the side 
of involvement, since the normal condjde can advance and retreat, while the affected con- 
yle cannot move forward (Figs. 2-A and 2-B) . If the retreat of the condjde has been 
locked, the greater lateral movement is aicay from the side of involvement (Figs. 3-B and 
Service of Leo Ma 5 ’er, MJD. 
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Fio. 1 


2-A 


Fig. 2-B 


Fig. 1: Normjil rigiil liiloral inovctiioiU i.s .‘iliown. Tlio lofi coiuiylc niovo.s forward and tlio right 
moves iiackward. In left lateral movement, (he rever.-e l.nke.s j)lace. 

_ I^ig. 2-A: It i.s assiimed liere that (lie left condyle i.s fixed in it.s .socket. On month opening, the 
right condyle moves anlcilorly, given it.s full range of motion, and (ho jaw .shifts to tlie left. 

I'ig. 2-B: Loft lateral motion is gre.ater than right, since the left condyle, being more or less 
fixed, cannot advance. In fixation of the left coiuiylo, the jaw shifts to the left on mouth opening 
and loft lateral motion is greater than right. 



Fig. 3-A Fig. 3-B Fig. 3-C 

Fig. 3-A: This situation is the reverse of Fig. 2-B. The loft cond 3 de is placed anteriorly and 
cannot be reduced because of meniscal block. The chin goes to the right on mouth opening, 
because the left condjde is ahead of tlie right. 

Fig. 3-B : Right lateral movement is greater than left, because the left cond 3 de is ahead of the 
right. 

Fig. 3-C : Left lateral motion is less than right, because the left cond 3 de cannot retreat into its 
socket. 

3-C), and on mouth opening the chin shifts to the opposite side (Fig. 3-A). Lateral 
motion is tested with the mouth partly open. 

It is then possible, by analysis of jaw movement, to know 3vhich joint is involved and 
whether it is in or out of its socket. Thus, if the right temporomandibular joint is fixed, 
the chin shifts to the right in mouth opening and right lateral motion is greater than left. 
If the right condyle is out of its socket, the chin swings in mouth opening either to the 
right, if it is fixed in this position, or to the left, if it shows more anterior motion than the 
left condyle. Right lateral motion is less than left, howe3'-er, since the right condyle cannot 
retreat. If the affected joint is very painful, or if the meniscus is not yet “set” or fixed so 
that lateral motion of the jaw is not carried through a range of movement definite enough 
for diagnosis, it may not be possible to use these criteria. Diagnosis is then based on the 
repeated observations of the patient. 

There are many reasons why one condyle may move more quickly than its mate, but 
it is usually an interposed meniscus that stops condylar ad3'-ance or retreat. Incongruence 
of the joint surfaces follows joint inflammation more frequently than it does meniscal 
interposition. Anatomical abnormalities, such as a shallow fossa or a small anterior 
tubercle, are secondary factors. The condyle may not be able to leave its socket, first, 
because of meniscal block, and second, because of shortening and thickening of the capsule 
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and ligaments. Conversely, the eondylc may not be able to return to its socket, either 
because the capsule has become loose or because it has become shortened and thickened. 

The derangement of one joint afTect.*? its mate, either by obliquity of movement of the 
jaw when the normal joint moves through its full range, or by partial fixation of the normal 
condyle. The latter condition occurs more frequently in the acute phase of the illness, 
particularly as the result of pain; the former occurs in the chronic phase. After operation, 
both condyles should and do move more evenly and synchronously near or beneath the 
articular eminence, without a shift of the chin to one side or the other, unless condjdar 
movement in the operated joint is restrained by bone block, or by residual ligamentous 
and mcniscal block. The fixed joint — and the injured joint may become fixed in a few 
hours or a few days — may show some motion, which is usually insufficient to bring its 
condyle forward. Fixation may be greater roentgenographically than clinically. 

The trauma which causes loosening or tear of the meniscus may be either intrinsic or 
extrinsic; e.xtrinsic trauma is either direct or axial. Men are more frequentlj^ injured by 
extrinsic trauma, women by intrinsic trauma. The intrinsic injuries, such as yawning, 
chewing, talking, the dropping of the jaw in sleep, dental malocclusion, and prolonged 
mouth opening, as in dental work, do not impress themselves on the mind of the patient as 
do the grosser, blunter, extrinsic traumata. The onset of disability in intrinsic trauma is 



Roentgenograms of the normal temporomandibular joint, taken with the mouth open one- 
quarter inch (left joint) and three-quarters of an inch (right joint). The condyle goes under 
the eminence between one-quarter and three-quarters of an inch of opening. 



Fig, 4-B 

Qu'art'^ joint is shown at one and one-quarter inches and the right joint at one and three- 
q lers inches of mouth opening. Each condyle is anterior to the eminence. 
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gradual or siuldcu, and one characfcriplic observation is the aggravation or onset of acute 
disability in the morning, after the jaw has been relaxed during sleep. 

A blow to the jaw, at or near tlie temporomandibular joint, or an axial blow to the 
chin whose force is sent to the opjiosite condyle, causes sudden contraction of the ptery- 
goideus externus; the inill of this muscle forces the meniscus forward and medially. The 
inti-insic traumata keej-) the condyle in a forward position. The temporomandibular joint 
becomes painful and the adjacent area may be swollen. An annoying click may be heard 
or felt as the mouth is opened or closed. In the acute stage, the patient cannot open his 
mouth freely or painlessly, and finds it hard to cliew solirl food. Condylar motion is 
usually restricted and the chin shifts to the abnormal side, becau.se the normal joint 
moves faster than the abnorm.al joint. If the condyle has been dislodged from its socket, 
the chin may go to the normal side, since it is placed ahead of its mate. In the latter event 
the mouth can be closed, but deviation of tbe cbin persists. 

As the acute stage subsides, all symptoms and signs lessen. Clicking is not necessarily 
present. The ability to open the mouth fully may return and the temporomandibular joints 
maj’’ become functionally useful, but irermanent inequality and asynchrony of motion may 
remain. Apparcntlj*', enough of the meniscal cartilage is eroded to allow useful function, 
or it ma}’’ be placed in such a position medially that it is by-passed by the condyle. 

No clinical attempt has been made to dissociate the two movements of the joint, — the 
hinge movement, which takes place in the joint formed by the condyle and the meniscus, 
and the gliding movement in the joint, between the meniscus and the fossa. As a result of 
acute injury, both actions maj’- be disturbed and the two-jointed temporomandibular joint 
may behave as a single joint. It is important to determine the integrity of the joint as a 
whole. 

Most patients are treated by rest, heat, and the chewing of soft food. The clicking 
joint is sometimes treated by the injection of sylnasol, an irritating solution of the sodium 
salts of certain of the fatty acids of psylliuni-sccd oil. In the presence of a persistently 
painful joint, with or without locking, limited mouth opening, and the inability to chew 
solid food, operation is indicated. The irreducible, anteriorly placed condyle should be 
replaced. 

This study is based upon the clinical examination of the temporomandibular joints of 
105 patients; fifty-five were normal and fifty'- were abnormal. Roentgenographic examina- 
tions were made in many cases. 

Meniscal disability has been separated categorically into several groups. These need 
not be distinct, for one group may merge with the other. 


THE CLICKING JOINT 

The clicking joint is the simplest form of internal derangement. The meniscus is 
loose or torn, but it does not block condylar motion. Its interposition, however, causes 
transient or permanent asynchrony of condylar movement. The derangement, especially 
when it has been produced by intrinsic trauma, occurs preponderantly in women, espe- 
cially young women. It usually causes slight or no trouble, but in some patients more 
serious symptoms eventually develop, and these patients may need ineniscectomyL The 
joint may lock temporarily, with the mouth open or closed. 

The discontinuance of clicking means one of several things: reposition of the condyle; 
wearing away of the meniscus; fixation in an abnormal position, as after manipulation, 
injection of an irritating substance; or operative resection of the meniscus. Manipulation 
of the jaw intentionally, as under anaesthesia, or unintentionally, as in dental work re- 
quiring prolonged mouth opening, may improve the joint whose motions are restricted oi 
it may cause further restriction. It should always be done gently. 

Three main forms of clicking joint are described, — the usual anterior form, the un- 
usual lateral form, and the painful anterior form with transient locking. 

THE JOURNAL OF BONE AND JOINT SUBGEBI 



INTEHKAL, DKnANGKMENT OF THE TEMPOROMANDIBULAR JOINT 


355 


The Usual Anterior-Motion Form of Clicking Joint 

Case 1 ; A Avonian of thirty-five, who was first examined on Februarj" 23, 1940, had heard clicking 
of her left temporomandibular joint for the i>ast year. The click was not constant; it was worse in rain}' 
weather; and it was not caused by trauma or by chewing hard foods. Both condyles had good anterior 
excursion, especially the left condyle, and the lateral movement of the jaws was good. The patient 
opened her mouth one and onc-quartcr inches, with slight shift of the chin to the right. Roentgenograms, 
taken on Fcbniarj’ 29, confirmed the anterior excur.«ion of the condyles, but it was not possible to tell 
which was more anterior. Injections of sylnasol were advised, but the patient refused to have them. 

On March C, 1943, she had no pain in the loft temporomandibular joint, but there was occasional 
clicking. She opened her mouth one and three-eighths inches, but the chin deviated to the right because 
of greater movement of the loft anterior condyle. The left condyle was more prominent. In mouth 
closing, the right condyle entered its socket first, and, when the left condyle retreated into its socket, 
the denation of the chin was corrected. The more quickly advancing left condyle was placed in a 
position ahead of the right one, and the right condyle could therefore enter its socket first. 

This case is illustrative of mild permanent asynchrony of condylar movement in the 
clicking jaw caused by mcniscal interposition. 

Choking Joint Relieved by Infection of an Irritating Solution 

Case 2: A male patient was seen on March 3, 1944. He had had constant, annoying snapping or 
thudding of his right temporomandibular joint for a year, without known injurj'. Each day the joint 
snapped hundreds of times, and sometimes the patient himself would cause it to snap by shifting his 
jaw to the left. The joint felt worse each morning on arising, although it did not snap more. He had 
discomfort of the ear. The joint occasionally locked and for a week, six months before examination, he 
was afraid to open and close his mouth, especially in the morning, for fear of causing the joint to lock. 
He had formerly slept with his head on his right arm, but abandoned this way of sleeping because it 
pushed his jaw to the left and, he believed, aggravated the tendency to transient locking. 

He opened his mouth one and five-eighths inches. The chin sometimes shifted to the right on 
partial opening of the mouth, and then to the left on full mouth opening. A thud was heard in the right 
joint as he opened his mouth from one-half inch to three-quarters of an inch. With his mouth closed, 
the thud was heard as he shifted his jaw to the left, but not to the right. Lateral motion was somewhat 
greater to the right than to the left. The joint was not tender. 

On March 14, one cubic centimeter of two per cent, procaine was injected into the joint, just behind 
the cond}de, with the mouth open. This had no effect. On March 15, 0.2 cubic centimeter of sj'lnasol 
was injected, by similar technique, into the joint. There was no local reaction. On March 20, the 
patient stated that the snapping had diminished greatly. He felt much better, enjoyed his meals, and 
was not troubled b}' the jaw. Objectivel}', slight clicking occurred with ever}' third or fourth opening of 
the mouth, and the joint moved more smoothly. He still could snap the joint voluntarily. On April 26, 
the jaw did not snap and he could open his mouth one and three-quarters inches. He had no complaints. 

The Lateral-Motion Form of Clicking Joint 

Case 3; A man, forty-nine years old, whose jaws were examined on July 2, 1940, was being treated 
or aseptic necrosis of the hips resulting from caisson disease. The jaw findings were incidental but 
interesting, illustrating condj'lar asynchrony by lateral movement rather than by anterior movement. 

e patient had occasional pain in the joint of each jaw on chewing hard food. He had noted catching 
0 the right temporomandibular joint as he opened his mouth suddenly and swung it to the right. This 
appened about once a month, and he reduced the dislocation easily by pushing his jaw to the left. The 
ca ching had been observed for four or five years and was correlated with no known trauma. Sometimes 
e ^ a peculiar feeling in the right ear. 

t! opening the mouth, both condyles moved anteriorly with a thud, and they retreated with a 
in on mouth closing. The chin did not shift on anterior movement. The patient could move his jaws 
erally with unusual facility. On right lateral motion, with the mouth partly open, the left condyle 
«came prominent anteriorly and medially and the right condyle was placed posteriorly and laterally. 

m reverse took place on left lateral movement. Each condyle, especially the right, entered its socket 
witli a thud. 

^°®“tSenograms of the laterall}' shifted jaw, taken on July 15, showed the anterior position of the 

J le on the side away from the direction of movement. The condyle was distorted and broadened. 

This is an unusual form of disability, since the important condylar motion is anterior 
not lateral. It is a dissociated form, in which anterior movement is free and lateral 
° gives the symptomatic clicking as the condj'le passes the interposed meniscus. 
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The Painful Clicking Joint vuth Transient Locking 

Capi; 4 : A woin.nn, lliirly-foiir yojirp old. was oxatiiinrd on Sridoniljor 14, 1913, and plated that she had 
liad ])ain in the left leiniioi'oni.andilinh'ir joint for two nionllis. Tliis apiiarcnlly followed prolonged mouth 
opening during a dental Irealinenl, three nu)nlli.s before. No other Iranina was known. Intermittent pain 
bcg.an two days .after the third denl.al IrealiiK'nl. Ijoekings (h'Vfdojierl two weeks before ex.amination. 

The jaw eaughi every few minutes as the patient opener! her mouth. .She moved the j.aw from side 
to side or baek and forth to unlock it. 'I'lie joint clicked loudly e.aeh lime it went out of place. Even 
talking locked the joint. .As the joint caught, slie liarl very sharp pain, which did not radiate to the car. 
She had been un.able to cat solid food for a werdc. I’lie condition was worse in the morning, between 
five and eight o’clock. She liarl tied her jaws together at night to prevent this morning pain, and used 
a tube to si]! liriuid foods. She had also ajiplital ice bags to rrdieve the .swelling of the part. 

The left lemiioromandibular joint w.as veiy lender. The patient couhl open her mouth verj" slowly 
to about one inch and often only to one-half inrdi; the left condyle became prominent and the jaw 
shifted a little to the right. 'I’he h'fl joint crardeed roughly and the right one did so to a le.sser degree. 
At frequent inteiwals, the left joint slmdc on mouth ojiening. at which lime she had a good deal of pain. 
She then moved the jaw from side to side. Ihr' joint unlotdo’d. and the pain was relieved. During this 
manoeuvre, the left joint cratdred a good deal. 'I'iie facial mu.seles were not nirophie. 

No roentgenograms were taken. Aleniscectomy was advised, but was not done. On October 28, the 
j.aw was still very painful, but there wa.s le.ss .swelling. 

C;\sn o: A woman, forty-nine years old. was examined on March 4, 1913. because of a sharp pain 
which liad lieen present in the left temporomandibular joint for five months. There was no known 
trauma. She found it haial to open the mouth and to chew hard foods. She heard knocking and cracking 
noises within the joint as she moved it ; lhe.<e had increased recently. She had noticed deviation of the 
chin to the left on mouth ojiening. She had worn dentures for from ten to fifteen years. She had 
rheumatism of the fingens and toes. 

The mouth ojicncd one and one-eighth inches, with a marked shift of the jaw to the left. The right 
condyle showed a good range of motion; motion was limited on the left. Painful thudding noises were 
felt and heard in the left joint as it moved. On closing the mouth, jaw obliquity was corrected and the 
chin went to the mid-position. The loft joint was lender. 

Physical therajiy was advised and the patient took a few treatments, but she was not better on 
August 31. The left joint then showed Iran.sient locking ns .she talked. She w,as able to unlock the joint 
and to close her mouth. Operative removal of the meniscus was advised, but was not done. 

It may be difiicult at times to rule out primary arthritis, as in this case, but it should 
be remembered that rheumatoid arthritis is usually polyarticular, and that the temporo- 
mandibular joint is only one of many joints involved. 


INTERPOSITION OF MENISCUS 

The interposed meniscus can stop the condyle from leaving its socket. Three groups 
are described: (1) the untreated joint which is cured spontaneously; (2) the untreated 
joint in which secondary arthritic changes develop as a result of long fixation; and (3) the 
fixed joint which is released by operation. 


1. The Untreated Joint which Recovers Spoiitaneously 

The fixed joint may develop -within a few hours or a few days after trauma. This is 
shown by the following cases: 

Case 6: A woman of thirty-seven, who w.as seen on March 11, 1943, had been struck on the rigid 
jaw two days before. Since then, the jaw had been swollen and painful. She could not cheiv, bite, or 
yawn. The right jaw was swollen near its angle; the swelling extended cephalad to the condyle and 
medially over the face. The right temporomandibular joint was very tender. The mouth opening was only 
three-quarters of an inch and it was accompanied by cracking of the joint and shifting of the chin a little 
to the right. Right condylar motion seemed absent, but there was a fair range of left condylar motion. 

The roentgenograms were negative for fracture. The right condyle remained in its fossa when tlic 
mouth was opened. 

Case 7: A woman of twenty-eight was examined on May 13, 1940, because of pain which had pei- 
sisted in the left temporomandibular joint since the winter of 1937. She stated that her father frequently 
struck her on the left side of the face when she was a child, and even up to the age of sixteen. At 
eighteen, she was hit on the right side of the chin by a drunken companion. She was dazed for a short 
time, but did not have pain in either joint. She was in an automobile accident in 1933, which dazed her 
*'■ I half an hour. She thought the present disability occurred suddenly, as she was yawning. She opened 
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her mouth well, but could not close it fully; the joint locked in the partially open position. The mouth 
opened onc-qu.artcr of an inch, and forced opening was painful. This condition persisted for three da 3 's. 
and she could take onl.v fluids and cereals. Thereafter, the joint snapped loudlj- when she opened and 
closed her mouth. Lockings occuiTcd at least once a da\' for about six months. Sometimes the locking 
lasted half a d.aj', and the joint unlocked in the relaxation of sleep. Bj’ locking, the patient meant the 
in.ability to open her mouth, although she could close it. She had pain in the left joint as she opened 
her mouth, but the pain did not radiate to the e.ar. The chin shifted to the left mth each mouth opening. 

The condition had improved In' the next .spring and the snapping lessened, giving way to a finer 
cracking sound. The patient was then well until six or eight weeks before examination, when she again 
noted cracking of the left temporomandibular joint each time the mouth was opened. She had dull pain 
on closing the mouth. She could not chew food, but swallowed it whole. The pain was located in front 
of the car and radiated to the temple and to the ear canal. She was not deaf nor was salivation in- 
cre.ascd. There was now no snapping and no locking. Mouth opening and closing were free, and the 
chin did not deviate. The pain reached its maximum for a period of three or four daj-s. a week before 
the examination, but at the time of the visit she had no pain except on left lateral movement of the 
jaw. This pain w.as slight and radiated to the e.ar. She coidd now chew well. 

She opened her mouth one and seven-eighths inche.s, with no deviation of the chin, but as she 
closed her mouth the chin went to the loft and then to the mid-line. .After the more prominent right 
cond.vle had entered its socket with a thud, the slower left condx'le entered its socket without sound. 
The temporomandibular joints did not crepitate. The left .side of the face was somewhat atrophic. The 
angle of the jaw was 125 degrees. Each joint showed good lateral motion. Roentgenograms, taken 
elsewhere on Maj' 6, indicated good anterior excursion of each condj'le. Anterosuperiorly. the left 
temporomandibular joint seemed wider than the right, and the condyle rested more posteriorh-. 

It tvas evident that tliis patient had a nieniscal tear, which blocked the mouth open- 
ing, and that with time she had worn awaj' part of the blocking meniscus to allow free 
function. She was left with a certain residue of disability by incomplete meniscal erosion, 
however, so that there was decreased left condylar movement and slight asynchrony. This 
IS a good example of a natural cure, which, as in this instance, usually proves to be incom- 
plete. Surgical cure is quicker and more certain. 

Case 8: A man, twent.v-eight j'ears old, who was examined on Februarj' 17, 1942, believed that his 
left temporomandibular joint had been slipping out of place for three months. He knew of no specific 
accident to cause his trouble. The jaw clicked painlesslj' at least three times a daj' on mouth opening, 
and he found it hard to chew solid food. Ten days before the examination, he found himself unable to 
open his mouth more than an inch. The left joint seemed to go out of place, after he ate a crust of 
bread, but it slipped into place quickly as he closed his mouth. The same thing happened the morning 
of examination, but this time the joint did not slip into place. He could not now open his mouth well. 

The left temporomandibular joint showed some fullness, but it was not tender. The mouth opening 
was three-quarters of an inch, with slight deviation of the chin to the right. No movement of the 
condj'les could be felt. The right side of the face was full ; the left side was flat. 



Fig. 5 

Ca.'c S. Open-mouth x-iews, taken on Februarj- IS, 1942. of both temporomandibular joints, 
t’lx.ation of the loft condj-le bj- meniscal interposition re.'trained movement of the normal right 
condj'le. The mouth opened three-quarters of an inch. The left condj-le did not move at all, 
but the right one moved to the anterior part of the socket. 
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M. m;HMAX AND S. K. SINUDHr: 


KocMitfroiioKiiims, (iikcii I’f'hniiiry IS willi llif iihjiiIIi Dpcii (Imk. ')), .‘-liowcd flio ah-cnce 
of norinnl jiiih-rior iiu)\-('iii('nl of Ixjlli conilylf'f. \vlii<'Ii rfiiiiiincd in llicir sockofs. In otlicr words 
fix.'Uion of du' lofi conilylc hy m('ni.-c!il intn po-ifion icsimincd (hf inovonicnt of (lio riglit con- 



I’lc. G-A 

Cn.-'O 10. I’liotogiiiidi.'^ t.'ikcn on Ajuil 20. 1010, 
jiisl l)cforo opornlion. Tin- riglil lompoi'onnin- 
dibulni' joint i.s (i.xod in its socket nnd IIk' chin 
shifts to tlio right f)n niontli ojicning. 

A naturti] cufo \v:is :inticip:ito(l, in vio 


dylc, pioving (hat hotli coiulylcs act as a unit. 

Ilcat and a .‘•oft diet wore ])re.«crihccl. On 
I'cl)ni!ii\‘ 2(), ho opened lii.-s month sevcn-ciglitlis 
of at) inch, and he eoidd o[ien it a little more after 
tlie ap])lic;ition of heat. He fell tcn‘'ion in the 
left tf'inpoi omandihniar joint on inoiith opening. 
W’lir'ii .‘•een on .\pril IS, 1013, he had no pain 
in the left temporomandihid.ar joint except when 
he opeiK'd hi--' month for a long lime, ns in a 
dental lie.'itmenl. He opened his month one and 
three-(|iiai ter.-< inche.-. hnl the chin .‘•till shifted to 
the light. On .Sej)temht'r 12. 101.3, ho had no pain 
.and coidd eat anyl hing. The joint h.ad begun clicking 
a month before, .after nine months of freedom from 
such clicking. The month ojiened one and three- 
(in.arbas inches, .and the chin shifted at first to the 
light and then to the mid-line. Again on clo.singthe 
month, the chin went first to the right and then to 
the mid-line. 

r of (lie short lii.«(ory of flisability. 



Fig. 6-B 

Preoperative roentgenograms, taken on April 13, 1940. Roentgenograms of the closed mouth 
show both condyles in sockets. 



Left 


Right 


Fig. 6-C 

Open-mouth roentgenograms of the same date. The right condyle is fixed and the left con- 
dyle has a little anterior movement. 
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2. Fixation of the Untreated Joint 

The untreated teiniioroniandibular joint M’lncli is fixed in its socket may show sec- 
ondary artliritic change. The niassetcr and temporalis muscles become atrophied, either 
by the effect of direct trauma or through 
disuse. Hypertrojiliy of the masseter gives 
the effect of a square jaw. It is not necessar- 
ily associated with disability of the temporo- 
mandibular joint. 

C\SE 9: A man, forty-nine years old. who was 
examined on .April 15. 1910. had been ^tnIck on the 
left jaw f-onie ye.ars before by a fist. This caused im- 
mediate pain and .sivelliiiK of the injured part, and 
three month- later ho noted cliekiii!: of the joint of 
the left jaw and atrophy of the left .side of the face 
His chin shifted to the left when ho opened hi- 
mouth. The left toinporomandibular joint ciepitated 
on mouth opening and the conilylc moved veiy little Fio 6-D 

The right condyle moved fonvaid quite well beneath The-e po-toperatii e photographs were taken 
the articular eminence. The left mas-oter uas mark- on June 12. 1940 Mouth opening is one and 

edly atrophic. The .angle of each jaw uas 130 degieos oiie-quaiter inches and the chin does not shift. 




3G0 


M. I3UUMAN AND S. K. .SINUEHO 


Rociifgonogniins, (akoii on Rlny 24, showed narrowing of (lie joinf, spare on (.lie left, witli flattening 
of tlic condyle. The.^ie changes are indicative of .secondary arihrilis. On month oiiening, (he left condyle 
moved to the articular eminence, while (he right condyle was anterior to it. The left condyle showed 
more motion by roentgenogram than appeared clinically. 

3. Operative Treatment of the Fixed Temporomandibular Joint 

Casu 10: Mrs. F. M., nineteen years old. was first e.xamined on April 12, 1910. She had been stnick 
a hard fist blow on the right jaw, three ami one-half months before. She felt as if .something went out 
of place, and at dinner (hat evening (he jaw clicivcd jiainlessly each time she ojiened her mouth. She 
opened her mouth halfway without dillicnlty, the jaw clicked, and (he month could then be opened wide. 
A month after injury, a dull pain was felt in (he jaw; this jiain rarliated down (he neck. She thought 
the chin at (h.at time deviated to the left on mouth opening. The jaw was manipulaterl under anaes- 
thc.sia by another physician about (hat time, and was strapiicd for a week. The click disappeared after 
manipulation, but. she (hen became unalile to open her mouth. Aiiparently, after manipulation, the 
loose meni.scus became fixed, .so that e.xcursion of (lie anterior comlyle was blocked. She noted over- 
lapping of (he lower teeth by the upjier teeth. She could not chew hard foods or large boli of food. 
Because of a carious left, molar tooth, she chewed lier food mainly on the right side, and the left 
temporomandibular joint became more ])ainfnl than the right. 

The chin was questionably deviated to (he right on mouth opening. Bight condylar motion could 
not be felt, but there was excursion of the left cond.vle, which was limited b.v sliffnc.ss of the right 
Icmporomandibidar joint. The mouth o])ening was Ihrec-quarter.s of an inch; the right jaw grated 
(Fig. G-A). A left upper molar tooth was carious, and (his was removed. 

Roentgenograms taken on A[)ril 13, 1010, (Figs. G-B and G-C) showed no excursion of the right 
condj’lc with the mouth open, and only slight anterior cxcur.<ion of the left condyle. The right joint 
space was cloudy, a finding which h.ad been ab.«cn( in roentgenograms taken on December 11, 1939. 

The right joint became “frozen” by mcniscal interposition after the manipulation, and later by 
ligamentous contracture. The fi.xation of the right joint prevented the full excursion of the left condyle. 

On April 20, under local novocaine infiltration anaesthesia, the right temporomandibular joint was 
approached by a modified Burdick incision. The oar jiart of the incision overlay the pinna and the 
vertical arm crossed the temporomandibular joint. This made almost all of the incision lie in the 
hairline. The Z 3 'goma was defined, and then the temporomandibular joint. The striking finding was the 
thickening of the capsular and ligamentous tissues, which bound the joint firml.v. These tissues were 
excised, as was a loose meniscus. After this had been done, the mouth could bo opened wide and the 
condyde rode nornially'^ beneath the articular eminence. The wound was closed, and a Barton bandage 
was applied. A small venous ooze from the car was noted, and the ear was packed with sterile cotton. 

The postoperative course of this patient was uneventful; the only complicating factor was a tear 
through the membranous part of the right external auditoiy meatus, which c.aused slight difficulty in 
hearing and w'as responsible for buzzing and ringing. The tear follorved the use of a sharp-pointed 
automatic retractor. Twice, a spicule of bone rvas extnided through this ear opening. The ear had 
healed by June 10, the canal was patent, the tear healed, and hearing rvas normal. The patient chewed 
paraffin and gum and the return of motion rvas rapid (Fig. G-D). 

Roentgenograms made on June 3, 1940, (Figs. 6-E and 6-F) showed slight motion of the right con- 
dyle and fair motion of the left, with the condyle almost riding the eminence. 

The patient’s last visit was on Januaiy 10, 1941. At that time she could eat all hard foods. She had 
some pain in the region of the right temporomandibular joint in rainj’^ weather. The mouth opening w'as 
one and three-eighths inches. The condjdes could not be felt. Slight hy'^paesthesia was still present in the 
right temporal area. She could move the jaw to the right more than to the left, both with the mouth 
open and closed. 

Case 11; Mrs. E.O’C., a w'oman of forty-six, wms first examined on January 14, 1944. She had been 
struck a very hard blow by a closet door a year and a half before, in the region of the right temporo- 
mandibular joint. The joint area remained sore for at least six weeks. Clicking began about bvo or 
three months after the injury, especially when she was eating. Locking occurred eveiy few' weeks, with 
the mouth partlj' open. Since the accident, she believed that the right lower teeth were wearing awaj' 
“at a slant” because of an unequal bite. A right upper molar had been extracted in the spring of 1943. 
Other right molar teeth, both upper and low-er, had been extracted twenty'-five 3 'ears before. With a 
little care, she had been able to eat everything, and she had been able to open her mouth fully. 

She was chewing candy a few days before Thanksgiving of 1943, when the right temporomandibular 
joint clicked two or three times, and an hour later she could not open her mouth more than three- 
quarters of an inch. A meniscal derangement rvas diagnosed by' her physician. An attempt to open her 
mouth had been made four w'eeks before, under intravenous anaesthesia, but this made the disability 
worse. After manipulation, she could open her mouth only one-half inch. For the two w'eeks before 
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examination, she complained of soreness in the right joint, with pain referred to the ear. She could eat 
only soft or mashed foods. 

On mouth opening, the interdental distance was three-eighths of an inch. Tenderness was present 
over the right temporomandibular joint. She could move her jaw to the right much better than to the 
left. The chin shifted to the right on mouth opening, and this shift was also seen with the mouth closed 
(Fig. 7-A). Roentgenograms confirmed the clinical diagnosis that the right condyle was “frozen” in its 
socket (Figs. 7-B and 7-C). 

On Januarj’ 21, 1944, the right joint was explored under local infiltration anaesthesia with novocaine. 
The capside may have been slightly thickened. The meniscus was torn in two, and the anterior part had 
been displaced medially. When this part of the meniscus had been removed, she opened her mouth well, 
with no obliquity and with equal lateral motion. 

The postoperative course was good. There was swelling and ecchymosis of the loose areolar tissues 
beneath the right eye (“black eye”) , and a subconjunctival hemorrhage in the right eye. This subsided 
quickly. The right side of the forehead did not wrinkle, presumably because of retractor pressure. 

The patient received physical therapy. Her progress was slow, possibly because the most antero- 
medial part of the meniscus or ligament was not resected. Mouth opening on Februarj' 18, 1944, was 
three-quarters of an inch, with a slight shift of the chin to the right. On March 22, it was seven-eighths 
of an inch, with the chin shifting slightly to the right. Wrinkling of the right side of the forehead was 
returning. On April 5. mouth opening was one inch, but the involved joint was still painful at times. 
On June 21, she could open her mouth one and one-quarter inches, and there was a slight shift of the 
chin to the right. Wrinkling of the right side of the forehead was now present. Several of the lower left 
teeth had been removed during the previous month, and she had to chew on her right side. She rightly 
attributed the increased motion of the joint to this fact. Proper dentures were made after operation to 
give proper chewing and hence better joint motion. The involved joint was now not painful, but it was 
a little stiff in the morning. Roentgenograms (Figs. 7-E and 7-F), made on Januarj" 5, 1945, showed an 
excellent range of motion of both condyles. 

On microscopic study, the meniscus showed degeneration and, at one point, a defect with some 
evidence of repair. A tiny fragment of parotid-gland tissue was seen in the tissues studied; it was 
obtained from a part of the parotid gland which enters the posterior part of the joint. 


TRUE DISLOCATION 


It has been stated that the temporomandibular joint is the only joint which dislocates 
normally. The condyle leaves its socket and can return to it at the will of the patient. 
In this sense, it corresponds with the so-called habitual or relaxed dislocation of other 
joints, but in other joints the movement is in excess of normal. When the condjde cannot 
return to its socket by meniscal interposition, an irreducible dislocation exists. This is a 
true dislocation, in contrast to the normal or false dislocation of the condyle. 

Case 12; A woman of thirty-four fell down two flights of steps on Februarj’ 21, 1940, injuring her 
head, left leg, and right shoulder. Her important complaints on April 30 concerned the right supra- 
clavicular region, which was painful and swollen, and the right shoulder. She had noted no trouble with 
the jaws before the accident. 

The examination showed a dislocation of the sternal end of the right clavicle, bilateral verj' large 
cervical ribs, sprain of the back and of the cervical spine, and strain of the right shoulder. She opened 
her mouth in a jerkj’ manner; both condj'les were more anterior than usual and the chin deviated to 
the right. Each condyle was prominent and a depression was felt posterior to it. In mouth closing, 
each condyle retreated into its socket with a thump, as if overcoming a bonj' obstacle. This was followed 
by a click in each jaw, which was louder and more painful on the left. The pain was referred to the ear. 
tenderness was present on the left side in the space between the condj-le and the mastoid process. The 
angle of the jaws was 125 degrees, and the patient could open her mouth slowlj’ to one and three-quarters 
inches. 

Roentgenograms made on May 6 showed that the left condyle did not enter its socket in the 
closed-mouth position and that it was irreduciblj- dislocated anteriorlj’ bj' meniscal block. The neck 
snowed marked limitation of lateral motion, but roentgenograms of this region were negative. No 
treatment was given. 


The injury of the temporomandibular joints is part of a more diffuse injurx’ to the 
lead and neck. This association is so common that the function of these joints is tested 
m any case of severe blunt trauma to the head and neck. 

Case 13: Mrs. K. R. V., a woman of twentj'-seven, was first examined on November 17. 1939. On 
pnl 15 , 1937, she had struck the left side of her head against a bus seat, as the bus stopped suddenlj-. 
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C n^c 11. J’liolofri.'iph'' (alcrri on .fiininiry 20, lOl-l. 'I'lio ciiin .‘■liifl.s fo (iio lielif on inonfii oj^cning, 
l)oc!ui .''0 tin' lofi ('ondylf' niovos nioio <';i‘'':ly and tnon* antoiiorly. Jiiglit iaif'ral niovoment is better 
tlian loft laloial motion. A clinical diagno-i-- of fivalion of the right condyle in it.s socket was made 
before roentgenogiains were taken. 


Fjg. 7-C 

Closed and open-mouth roentgenograms, taken on January 19, 1944, two days before opera- 
tion. Both condyles lest in socket in the closed-mouth view; m the oiien-mouth view they 
move to the anterior jiait of the joint, but do not go under the eminence. The movement of 
the normal left condyle is lestrained by the blocked right condjde. Mouth opening does not 
exceed three-eighths of an inch. 
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Fic. 7-D 

Postoperative photographs, taken on Janiiarv' 30. 1945. Patient had no trouble with the jaw joint 
after operation. Mouth opening was one and five-eighths inches, and both condyles moved well. 
The right condjde grated a little on motion. The chin did not deviate on opening the mouth, and 
lateral motions were equal. 



Right 

Fic. 7-E 



Lrft R.cht 

Fic 7-F 


Roentgenograms of Januan.- 5, 1945, clo-cd and open-mouth views, confirmed the c\cellent 
anterior r.ange of both condyles. The right condyle wa- under the eminence and the left con- 
dyle was anterior to it. 
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M. UUHMAN* AXI) S. E. SIXIlEHr. 



FlC. S-A 

Preo])ora(ivo iiliologruiilis, tiikon on Xovi'iiilx'r -I, IflII. J. C., a woman, twcnty-fonr j’cais old, 
luid liad licr lioad sna])j)('d liackward on Soplondx'r 5, 11)11. ji-' a siroot car liit lior antomobile. She 
was ])lacod in licad-and-iK'ck traction and a C.alot jacket was applied on Scjitcniljcr 20. 1914. Dur- 
ing tlie jicriod of traction, slic coiniil.-dncd of pain in the riglit tomiioromandilndar joint. Tlie pain 
and inalnlity to ojion tlie moiitli increased rapidly, .«o that a ineniscectoiny was done on November 
6. The caiisule was thickened and the meniscus was displaced anteromedially. Not all of the me- 
nisen.s could he removed. She had transient paralysis of the right side of the forehead, with absence 
of wrinkling. Photogiaiih shows the range' of month opening and the lateral movements allowed. 
The roentgenogram.s proved that both condyles did not leave their sockets on mouth opening; 
fixation of the right condyle restricted the movement of the left condyle. This rase illustrates the 
fact that injury to the head and neck is not infrequently a.s.sociated with injury of the temporo- 
mandibular joint. 



Fig. 8-B 

Postoperative photographs, taken on February 23, 1945. On March 9, the patient could open her 
mouth one and one-eighth inches. There was a little deviation of the chin to the right, by greater 
forward motion of the left condyle. Right lateral motion exceeded that on the left, but both were 
restricted. The right condyle was slightly tender. 


The injured half of her face quickly became swollen. She was told that the left jaw was dislocated, and 
this dislocation was apparently reduced four dajm after the injury. Dislocation recurred, and attempts 
at reduction were made on four different occasions over a period of several months, without complete 
success. Before the first reduction, she opened her mouth with discomfort and could not chew solid foods. 

The patient stated that the jaw still dislocated many times a day on opening the mouth wide. She 
had a dull pain in the left temporomandibular joint after chewing, and she could not chew hard foods. 
When chewing on the right side, there was an annojdng, painful clicking of the left temporomandibular 
joint. She could close her mouth, but had noted altered occlusion of her teeth, with a shift of the 
mandible to the right. The swelling of the angle of the affected jaw still persisted. More recently, she 
complained of a deep clicking in the left ear. 

The lower jaw did show a lateral shift to the right, with malocclusion of the teeth; the upper teetn 
overlapped the lower set. The left half of the face seemed broader and flatter than the right, and the 
left half of the mouth was wider than the right, especially on mouth opening. The left mandibula'’ 
condjde was tender and prominent, and slipped fonvard with a click. Mouth opening increased the 
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mandibular deviation. On inoutli closinp, tlie condyle .‘=pcnicd to slip into place. The patient was able 
to thrust the jaw fonvard and also backward. In the dislocated position, the angle of the jaw was placed 
more posteriorly than normal. The temporal area was tender, and the molar bone and zygoma were 
prominent. Roentgenograms showed that, in the clo.sed position of the mouth, the left condyle was at 
the .anterior part of the socket and, on mouth opening, the cond.vlc moved forward normall.v (Fig. 11-A). 

On .lanuaiy 16. 1010. under local novocaine infiltration anaesthesia, the temporomandibular joint 
was exposed by the Burdick incision, .\fter the expo.sure of the zx-gomatic process, the temporoman- 
dibular joint was easily identified. Care was taken to keep within the safe triangle, described by Morris. 
TItc cnp^ulc oj the joint irns thin anil Ino'^r. The loose meniscus was removed in several pieces. The 
articular eminence was small and. even after removal of the meniscus, the jaw seemed to show undue 
mobility. An anterior block was mafle. as described by Mayer, and a half-inch piece of zygoma was 
used as the graft. The eminence was split horizontally and pried domi. as in a shelf operation for an 
inadequate acetabulum.* and a bone graft w.as inserted into the gap. A plaster helmet was applied after 
the wound had been closed, and was xvom for six weeks. 

The operation as.surcd a better articular eminence and proxrided an anterior buttre.=s. which, it was 
felt, would be mechanically sufficient after healing to prevent the anterior dislocation of the condjde. 
The postoperative course was good, except for considerable sxvelling of the left side of the face, including 
the eye. The facial nerve was not injured. 



Fig. 9-A 

Preoperative photographs of M.V.. a male, aged twenty-six, taken when he was examined on 
Februarj- 1, 1945. He was stnick a fist blow m the region of the right temporomandibular joint, five 
months before he was first examined. The right joint gave evidence of pain rather than of restric- 
tion of motion, since the mouth opening was from one and one-eighth inches to one and one-half 
mches. Lateral motion was more restricted on the left than on the right, but both xvere painful. 



Fjc. 9-B 

Operative removal of the meniscus and resection of the thickened capsule were done on Fcbniarx- 
lo, 1945, with local anaesthesia. These postoperative photographs were taken on April 20. The 
patient h.ad no complaints. 

This method xv.as suggested by A. Schmier, MJ3. 
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lUJIUMAN' AM) S. K. SIMJKHC; 


At, the examination on April 10, 1015, tin* iialient eonld ojicn her monlli almnt one and three-eighths 
incites, bnt (he eliin deviated a little to the left, indientiiiK gre.ater motion in (he right temporomandibu- 
lar joint. Both condyles eonld he ludivded readily, Init the left moved less'than (he right. Right lateral 
motion of the jaw was less than left lateral movement in the o])cn-mon(h position. The bite was good, 
and .she eonld chew hard foods. The left joint erepituted a little on motion. Tlic left .side of the face 
was fidlcr than the right. Roentgenograms .showed normal e.vcnr.sion of the right temporomandibular 
joint, bnt the left condyle remaim'd in it.s .socket on month opening, p.'irtly due to fibro.sis and partly 
bccan.se of the bony block with reverse of the mandibular .shift and restraint of right lateral movement. 
The anterior bone block was well devr'lnju'd (Fig. ll-B). 


The b()no-l)li)ck openition is not pliysioloffie.nl, since it restrains full anterior move- 
ment of tlie condyle, d’lie reniov.al of the nieni.scus tillow.s the rcijlaceinent of the cond3de 
in its socket and this is all (hat is neederl. The shelf ])rocedure docs not seem worth while. 

C.\si: 14: On I'ebrnary 12, 1012. a man of forty-four fell .a tlistaiice of twelve feet to the ground from 
a broken ladder and struck his chin against tlie hnhh'r as it lay niion the ground. The chin was lacerated 



Fig. 10-A 



Fig. 10-B 

A woman of seventy-five displaced both condyles anteiior to the articular eminence while 
yawning, six days before she was seen in the emergency room of the Hospital for Joint Diseases, 
^lis is the only instance in this series in which boUi condyles were dislocated. Tlie roentgeno- 
grams show both condyles to be anterior to the eminence, as in normal full-mouth opening, but 
the significant difference fiom the normal is that the condyles could not retreat into their sockets 
on mouth closing. 

THE JOUnNAL OF BONE AND JOINT SOBGEnT 




IXTEHXAL DERANGEMENT OF THE TEMPOROMANDIBULAR JOINT 


36 



Closed Open 

Fig. 11-A 


Case 13. Roentgenograms of the left temporomandibular joint, closed-jnoiith view, dated 
November 17, 1939, show the condyle to be displaced to the anterior part of the socket. With 
the mouth open, good anterior movement of the condyle is disclosed. The right condyle moves 
normally. 



Fic. 11-B 


Closed-mouth view of the left temporomandibular joint, dated April 1. 1940. shows the con- 
dyle in its socket. Open-mouth roentgenogram shows that the condyle move.s a little, but does 
not leave its socket because of the bone block. 



Fig. 11-C 

Postoperative photographs taken on .April 19. 1945. more than four years after operation. Patient 
had no complaints. IMouth opening wa.< a little more than one and one-quarter inches; the chin 
deviated to the left, because left condylar motion was rc.stricted by the bone block. Right lateral 
motion of the jaw was less than left lateral motion, for the same reason. 
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and the lower fiont (co(h wore lo^l. TIu; lost (eeth were later replaced by a denture. The patient had a 
cerebral concus-^ion, and bled from the left ear for four day.s. He was in a lio'-pital for tliirty-tlirec days, 



Fig. 12-.A 


He .stated that, while in the hospital, he could 
not open his month well nor could he chew .solid food, 
He com])lained of localized, intermittent pain in the 
left, lempoiomandibular joint, made worse by yawn- 
ing or by chewinp hard footl. He had to .soften his 
food by so.akiiif' it in water. The left temporoman- 
dibular joint clickcfl nt times. Ho denied previous 
injuiy to his jaw. 

He was first, c.vamined at this Dispcnsaiy on De- 
cember IG, 1012. The left tcmiioiomandibiilar joint 

Fifi. 12-.\: Case Id. This man had an iiiediicible 
aiileiior dislocation of the left condyle. Mouth open- 
nifj was ureatly re-lricted. The shift of the chin is not 
well seen in the jihologiajihs (taken Febiuaiy 12, 1943). 




Left, closed Left, open 

Fig. 12-B 

Preoperative roentgenograms (made December 16, 1942) of the left temporomandibular 
joint. In the closed-mouth view, the loft condyle is seen m the antciior part of its socket, and 
it i.s fi.xed in this position. (Illustration has been leveised.) 






Right, closed 


Right, open 


Fig. 12-C 

The normal right jaw shows restriction of forward excursion of its condjde. 
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was tender, moutli openinc wa' rc'tricted, and there was a little deviation of the chin to tlie left. Xo 
clickinp was heard a‘; he oiiened and rlo'-ed his mouth. Left lateral motion of the jaw \\a= limited, but 
right lateral motion wa'- full and was a=--ociatcd with elicking of the right temporomandibular joint. 

Rocntpenopra]ihic examination of each temporomandibular joint, with the mouth open and clo=ed, 
disclosed .an irreducible, anteriorly jdaced left condyle (Fig. 12-B). It moved forward a little as the 
mouth opened. The condyle seemed flatter than normal. The light cond 3 'lc .showed restricted anterior 
excursion, on mouth opening. In- anterior fixation of the left, condyle. 

Baking and massage were given for the relief of jiam. On Februarj’ 13, 1943, a x'ear after the injurj', 
the anteriorly displaced meniscus was removed under local novocaine infiltration anaesthesia, bj' a modi- 
fied Burdick inci-ion. The superficial temporal vessels were ligated. The ligamentou’s and capsule 

oj Ihh joint were thichened, scarred, and adherent. The zygoma sfiowed a .small ex'o=to=is, infcriorly. 
After the re-ection of scarred cajis-ular tissue, the anteriorlj' di-placed condxde wa= exposed. The me- 
niscus was displaced anteriorl.v and laj- between the condyle and the articular eminence. The fo=sa was 
narrow and was filled with .=car tissue. The condylar cartilage was graj'or and more opaque than normal. 
The scarred tissues were removed and meni=ceclomj' was done. It was onlj’ after diviMon of the short- 
ened anterior ligament that the condjde entered its .socket. The range of joint motion wa= now much 
greater than before operation. After wound closure, it was noted that the left .side of the forehead 
^vrinklcd less than the right side. This was attributed to retractor pre='Ure on the branch of the facial 
nen-e supph-ing the forehead. 

The patient’s postoperative course wa- not 
eventful. Five weeks after operation ho could open 
his mouth one and three-eighths inches, without 
deviation of the chin, and this range of motion has 
not increased. He has recovered wrinkling of the 
entire forehe.ad. He has no pain in the joint and can 
chew hard foods. 

Postoperative roentgenograms simwed correc 
tion of the dislocation. The left condyle rested 
within the socket in the closed-mouth po-ition, 
and advanced just short of the eminence in the 
open-mouth position; the right cond.vle advanced 
a little farther. 

On Julj’ 14, 1944, the patient stated that the left 
temporomandibular joint had graduallj' become stiff 
so that he could not bite a hard piece of bread He 
opened his mouth one and one-eighth inches, with 
no shift of the chin. Left condjdar motion ‘eemed 
less than right. Each condj'le was in its .socket and 
had little anterior excursion. 



Fig 12-D 

The thickened cap“ule and ligament* of the 
left temporomandibular joint, a* well a* the 
meniscus, were re-ected on Februarj- 13, 1943. 
The photograph show* mouth opening on April 
17, 1943 



Fig 12-E 

Postoperative roentgenogr.am of the loft temporomandibular joint, taken on .‘September 3. 
1913. The condj-lc is in it* socket in the clo-ed-mouth \ icw The di-tortcd naht condvle i- 
.secn near it. In' the open-mouth view, the condj'lc mo\f- to the antenor part of the -ocket. 
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Right, open jj ],t_ closed 

Fig. 12-G 


Roentgenogi ams taken on August 15, 1944 The condyles aie in fJio sockets and, on month 
opening, move to the anterioi pait of tlie joint. 


In one case, it should be noted, tlie capsule was thin and loose, whereas in the other 
case it was thickened, scarred, and adherent. 

TECHNIQUE OF OPERATION 

The operation should be done under local anaesthesia for two reasons: first, to see if 
normal mouth opening is restored after resection of the blocking meniscus and thickened 
capsule and ligaments, and second, to have the reassurance that the branches of the facial 
nerve have not been injured. The drapes are arranged so that the patient’s face is exam- 
ined readily. 

A modified Burdick incision is used (Fig. 13 ) . It begins just above the pinna, runs 
along the zygoma for less than half an inch, and then dips distally for about half an inch. 
The length of the incision is about one inch to one and one-quarter inches. The tra^s 
and the zygoma are the landmarks, and the incision must stay within the safe area winch 
Morris has stressed. This is bounded posteriorly by the superficial temporal vessels an 
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the auriculotemporal nerve, which may be sacrificed, and 
anteriorly by the facial-nerve branches to the forehead 
and eye. The subcutaneous and fascial tissues are thick 
and fibrous, and incision is made through them to the 
zygoma, beneath the posterior part of which the condyle 
lies. The capsule of the joint is identified, opened, and, if 
necessarj', resected. The meniscus is next identified; the 
patient opens and closes his mouth for orientation. iVhen 
the meniscus is loose or torn, it is displaced anteromedi- 
ally, and this corner of the joint must be properly freed 
of thickened anterior ligament or blocking meniscus. The 
internal maxillaiy arterj’ lies under the neck of the man- 
dible, and runs medially and horizontallju It is usuallj' 
separated from the mandible by the thickness of the 
pterj^goideus externus. After satisfactory' resection of the 
ligaments and meniscus (a procedure which the operator 
may find difficult because of oozing of blood, and which 

he may control by packing the posterior half of the joint), the mouth should open well 
and the condyle should advance and retreat almost normally. The wound is closed in 
layers and a Barton bandage is applied. Active movement of the jaw is begun within a 
week after operation. The chewing of gum or paraffin is encouraged. 

The meniscectomy should be as complete as possible. The limitation of full movement 
is probably due to the fact that the meniscus, especially its most anterior and medial part, 
cannot always be fully resected. 



Fig. 13 

Modified Burdick incision is shown. 


CONDYL.AR ASYNCHRONISM 

A group of unusual cases are described, in which condylar asynchronism is noted. 



Fig. 14 

Case 15. This woman had a traumatic hemi- 
r siimphy of the left side of the face, with asj-n- 
chrony of condylar movement. Photographs 
taken June 22. 1940. 

Hemi-Atrophy of the Face and Asynchro- 
nism of Condylar Movement 



Fig. 15-A 

Case 16. This young woman had an extensive 
naevus flammeus of the left side of her face and 
forehead, and glaucoma of the left eye. To this 
sjTidrome was added left condylar hj-pertrophy 
with palatal and dental inclination. The chin 
was shifted to the right, both i\-ith the mouth 
open and closed, because of the condylar en- 
largement. 


Case 15: A woman, seventy years old, struck 
the left side of her face against a rock at the age of 

one year. Since then, there had been atrophy of that side of the face (Fig. 14). This cau.'ed no functional 
disability. The two sides of the face were quite different, and the nght half appeared younger than the 
\ left. The atrophy included the temporalis muscle (with depression of the temple) and the frontalis 
muscle. There was no facial-nerve palsj'. The left mandibular condyle seemed a little deformed and the 
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Left 


Riglit 


I-IC. 15-li 



Loft Right 

Fig. 15-C 


Views of tlie temporomandibular joints, taken on ISIay 13, 1940, witli the month closed and 
open. The closed-mouth view (Fig. 15-B) shows flattening of the left condyle, with an anterior 
beak. The left condjde is larger than the right; it has moved more anteriorl 3 ’' than its mate. 


ascending ramus of the mandible was felt throughout its entire e.vtent by the absence of the covering 
masseter muscle and parotid gland. Mouth opening was full. The chin deviated to the right as the 
patient opened her mouth, and swung again to the niid-line on full-mouth opening. The left tcmpoio- 
mandibular joint crepitated as it moved. On mouth closing, a reverse path was followed. 

To the syndrome of unilateral condylar hypertrophy and palatal and dental inclina- 
tion, may be added that of naet’us flanimeus and glaucoma. 

Naeviis Flatnmevs, Glaucoma , and Condylar Asynchronism Caused by Congenital Hypc’"' 
trophy oj the Condyle on the Side of the Naevns 

Case 16: A woman, twenty-eight 5 'ears old, opened her mouth two and one-eighth inches; the chin 
deviated to the right as she did so. The left temporomandibular joint ciepitated on movement, but the 
right one was silent. Both condyles moved be,vond the eminence, the left a little more than the light. 
The left condyle felt laiger than the right one. . 

The left eye was glaucomatous and was operated upon at an undetermined time before examination 
in 1940. The large naevus is shown in Figure 15-A. The left side of the face was lu^pertiophic because 
of this vascular tumor. The left upper lip was enlarged and was inclined downward and lateially. There 
was similar obliquity of the hard palate. The left upper teeth overlapped the lower ones and were 
inclined downwaid and laterally. 


THE JOUUNAti OF BONE AND JOINT SUKOnnl 



IXTEHNAL DEHAXGEMEXT OF THE TEMPOROMANDIBULAR JOINT 


373 


Dystonic Asynchronism 

In dystonia, asynchronous condylar motion may be noted when the muscles of the 
head and neck are involved. This may be attributed to spasticity of the pterj^goideus 
e.\ternus and of the other jaw muscles. 

Case 17 : A boy of eighteen had a moderate form of generalized d3'stonia. There were occasional 
twisting movements of the head and neck to the right or left. He found it difficult to hold the head in 
the mid-line. The neck was elongated, or giraffe-like. His speech was dj'sarthric. He opened his mouth 
fully, but there was left lateral deviation of the jaw. The asj-nchrony of condjdar motion was shown bj- 
more rapid advance of the right condjde. In mouth closing, the left cond3de retreated first. The left 
mandible was less developed than the right. He moved the jaws from side to side easil3', with some 
e.xaggeration over the normal. 

Other Conditions 

Disturbances of the temporomandibular joint also occur in malocclusion of the teeth, 
in prognathism in which the condyle is brought forward, and in recession in which it is 
placed more posteriorly. The edentulous mandible shows a posterior condylar position and 
relative lessening of the angle of the jaw. 

Kote; Cases 5, 15, and 17 were seen on the Ser\'ice of Dr. Leo Ma3-er, Hospital for Joint Diseases, 
Kew York Cit3-. 
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This cx])ositi()n, (o juslify i(s (i(le, must include my initiation to Orthopaedic Sur- 
gery. This was in 1882 when, as a House Surgeon at the Boston City Hospital, I assisted 
Dr. Bradford in tlie resection of a tuberculous liip joint. 

The outlook for further jirogrc.^^s was not encouraging, since the only clinic available 
for practical training was that of the Children’s Ho.'^pital, then in the embryo stage of its 
development, which had no occasion for my .services. 

Thus for lack of otlier ojijjoilunity, I l)cgan, perforce, what was to become a per- 
ennial course of self-education, based on tlic ob.scrvation of the gait and posture of the 
walkers on the street, in an attenjpt to inter/wet tJfe in.stinctive {ichptntions to hcomotirc 
disability and to deformity. This ambulatoiy, and what might be termed peripheral, 
approach to the subject proved to be greatly to my advantage, since it opened a new 
therapeutic field, capable of progressive and productive develoiuuent. 

jMj’' first utilization of this material was on the question of the spontaneous outgrowth 
of deformities of the lower extremities in childhood. This was the generally accepted 
impression, which I disproved, at least from the aesthetic standpoint, bj’’ tabulating the 
proportion of the adolescent and arlult walkers who had not outgrown childhood deformi- 
ties.- This indicated the advantage of corrective treatment, while the bones were in the 
plastic stage, by "means at the command of mothers and nurses”. 

The second essay in adaptive tlierapcutics was of far greater importance, since it was 
the first of consecutive contributions to tlic type of surgciy under review. A young 
woman, disabled by painful flat feet, w'as sent to jue for treatment. I had never heard the 
subject mentioned in medical school, and the textbooks gave it scant consideration. The 
deformity was likened to a broken bridge, which might be made serviceable by supporting 
it from beneath. 

In my inexperience I consulted a member of the staff of the Children’s Hospital, 
which had added a brace shop to its equipment, as to the pro])er procedure. He instructed 
me to make an outline tracing of the feet and to send it wdth a pair of shoes to the 
hospital, wdiere sole plates would be constructed. This episode represents fairly the 
therapeutic standing of an important disability, often mistaken for rheumatism, and 
otherwise relegated to the care of cobblers and mechanics. 

At this unsatisfactory juncture, I came upon a report of the dissection of a flat foot 
by Humphry. This wms enlightening, since it demonstrated clearly that the deformity 
was not the result of a direct breaking down of the arch, but wms incidental to a sub- 
luxation of the astragalus on the os calcis, which deflected the strain of weight-bearing 
and locomotion to the inner border of the foot. Thus it appeared that the primary and 
significant physical sign of the disability was not the low^ered arch, but the loss of the 
normal incurvation of the inner contour of the foot, 'which implied a persistence of the 
passive attitude of abduction. The flat foot, therefore, rvas a later stage of a progressive 
disability, of w^hich the predisposing and exciting causes -were improper postures in stand- 
ing and in locomotion, of 'vdiich my observation of ■walkers on the street had furnished 
abundant evidence. It ■nms obvious, therefore, that the essential of effective treatment ivas 
not the propping up of a broken arch, but the restoration of the normal relations of the 
leg and foot. 

To make this conclusion operative, a leverage brace ivas modeled on a plaster cast 
of the corrected foot. It was designed to provide lateral rather than vertical support, thus 
to check deformity at its source and, by suggestive pressure on the inner aspect of the 
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foot, to prevent the predisposing outward rotation of the limb. It served, therefore, as 
contrasted with sole plates and stiffened shoes, as a positive factor in reconstructwe 
treatment, since by maintaining the proper relation of the power of the fulcrum, locomo- 
tion was utilized as a recuperative exercise. lYhen the normal posture enforced bj' the 
brace had become automatic, the brace was discarded. 

This essaj- on the positive treatment of a neglected disability and on its prevention 
by the timely recognition of its predisposing causes was published ® and I was invited to 
present the subject to The American Orthopaedic Association. This society, the first of 
its class, had been organized under a temporaiy truce between its factions, in order to 
qualify for membership in the Congress of American Physicians and Surgeons, to be held 
at Washington in the autumn of 1888. 

The admission of The Association to the Congress as an entity was a tacit recognition 
of its emancipation from the i-estrictions of scope and method with which the term 
“orthopaedic” was associated. It was therefore a point of departure from which progi’ess 
in normal and consecutive development may be reekoned, — progress which eventually 
transformed an ill-conditioned and factitious specialty into an integral branch of surgery. 
The meeting had also a reciprocal influence on the development of what may be termed 
adaptive surgeiy, for it was evident that a further application of the principles that had 
proved effective in the reconstructive treatment of the flat foot required a better under- 
standing of bodily structure and function. 

I undertook, therefore, an intensive study of anatomjq and tested my acquirement 
by passing the examination for membership in the Royal College of Surgeons. On my 
return from England, I migrated to New York, where orthopaedic surgery had been first 
defined by Mott in 1841, where Sayre had established its first professorship in 1859, where 
Knight had founded the first hospital of its class in 1863, where The American Orthopaedic 
Association had been organized in 1887, and which was the storm center of the controversy 
as to whether mechanical or operative surgerj' should be the dominant factor in its title. 

Immediately upon my arrival, I joined the staff of the Hospital for the Ruptured and 
Crippled. I was assigned to the Out-Patient Department, which in the number and variety of 
its patients offered a striking contrast to my past experience ; for it represented the develop- 
ment of Knight’s system of “surgico-mechanics”, which included every physical disability 
symptomatically amenable to bandaging and bracing, irrespective of its character or of 
the age or sex of the patient. Thus,, at this juncture, a definite purpose, an increased 
capacity for interpretation, and abundant material provided a dependable basis for the 
consecutive development of the type of surgerj’^ with which this paper is particularly 
concerned. 

Naturally, my first interest was in establishing a comprehensive treatment of the 
so-called flat foot for which the Outdoor Department pi'ovided a fertile field. In 1889 
this condition was not noted in the Hospital report. In 1929, approximately 5,000 new 
cases of the disability were recorded. The construction of positive supports had become 
the chief industry of the mechanical department, and treatment, designed to restore 
normal function, was the most distinctive feature of the Service. 

In the meantime, my interest in observing and interpreting peculiarities of gait 
brought to light fracture of the hip in childhood. Thus I was enabled to demonstrate the 
technical efficiency of anatomical mechanics in a class of cases in which the treatment of 
the fracture was the only consideration.^ 

In the development of the treatment in a comprehensive sense, I had the further 
advantage of an approach from the standpoint of hip disease, with which it had much in 
common. Thus the plaster spica, the changes in posture, the interpretation of the physical 
signs as indicating the progi'ess of repair, and the use of the caliper hip brace in cases in 
which early locomotion was required were adaptations to the fracture and the patient 
which made effective treatment practicable and established the positive standard.-' 
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My iippointmciil to the Stuff in 1889 was timely from another stancI])oint, for Gibney, 
who had succeeded Knight as Surgeon-in-Chief, had made a radical departure from the 
establislied routine by improvising an operating room. It may be noted that the surgery 
of the period was purely corrective in its scojic and that the great majority of the opera- 
tions reported by Gibney were of the subcutaneous tyjie. Yet this modest innovation, in 
the development of which my training and inclination qualified me to assist, was the 
propelling force in the transformation of a home for cripplerl children into a representative 
hospital. 

In 1903 a ward for women was established, and in 1917 men were admitted to the 
Hospital Service. In 1889 there were but 190 admissions to the Hospital; in 1929 the 
number had risen to 4,113. In this year (1929) there were 3,522 operations. Of these, 
1,875 wore classed as orthopaedic and 1,647 were credited to the hernia department. Thus 
b}’’ the natural development of its resources, in which the indoor and outdoor departments 
supplemented one another in a reciprocal service, the Hospital had become the leading 
exponent of constructive surgery for both the ruptured and the crippled. 

In the two examples of adaptive surgeiy that have been jirosonted, operative inter- 
vention is an occasional and supplementary e.xpedient. In a third illustration it is the 
positive and introductory feature. This is the operation of astragalectomy and backward 
displacement of the foot for paralytic calcaneus, which was then almost as much of a 
therapeutic derelict as the two instances cited.-'”’ 

In a typical case, the patient limped about on the insecure support of a hypertrophied 
heel, to which the forefoot was a useless appendage. The astragalus was removed in order 
to reduce both the vertical and lateral deformity and to assure security by implanting 
the malleoli on the basic structure of the foot, thus changing a complex joint to a simple 
joint. The backward displacement reduced the adverse leverage and utilized weight- 
bearing on the contracted arch to restore symmetry. Finally and most important, the 
tarsus was brought beneath the anterior border of the tibia, thus providing the positive 
check to dorsal flexion essential to security in progression. 

This readjustment of the statics and mechanics of the disabled member proved so 
effective in restoring relative stability that more than 2,000 of these operations for this 
and other forms of paralytic disability were performed during my term of service. 

As a student of the range of operative intervention in a class of cases in which, as in 
this instance, the injury to function was irremediable, I had the advantage for many 
years of a continuous service in both the indoor and outdoor departments of the Hospital 
to supervise an operation from inception to conclusion, and thus, by comparison with the 
original condition, to estimate fairly from the patient’s standpoint its functional utility. 

Such comprehensive control is almost essential to the appraisement of the relative 
value of an operation, which in one instance may be designed to relieve the patient from 
artificial support and in another only to make such support more tolerable and effective. 

Adaptive surgery has a wide range of availability. The three procedures cited to 
represent its principles illustrate, in order of presentation, the prime factors of artificial, 
anatomical, and operative mechanics correlated in the reconstructive treatment of three , 
unrelated disabilities. Each of them has withstood the test of time or, specifically, the 
^(Opposition proportionate to its divergence from the established practice, as best exemplified 
by the abduction treatment in which the divergence was of both method and standard. 
They may be accounf-ed, therefore, as stable contributions to what has been termed 'The 
transformation of orthopaedic surgery”. 

' The ancient, ambiguous but irreplaceable term “orthopaedic”, which for those wlio 
accepted its restrictions was an insuperable obstacle to progress, is now generally under- 
stood as indicating only a sphere of action. As such, it is especially concerned with 
impairment of bodily structure and function from any cause, and with prevention and 
cure, as well as with relief. This is a broad, ill-defined, expanding, and consequently only 
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partly charted therapeutic field, in which orthopaedic treatment, although it has no pref- 
erential jurisdiction, retains as a special attribute a “follow through”. Thus a purposeful 
initiative is supplemented by equally purposeful after-care, which is often the determining 
factor in the result, if reckoned in terms of useful function. 

REFERENCES 

1. Humphry: Flat-Foot and tlie Construction of the Plantar Arch. Lancet, 1: 529-531, 1886. 

2. Whitman, R.: Some Observations on Bow-Leg and In-Knee, with Especial Reference to the Question 
of Outgrowth of These Deformities. Med. Record, 32: 129-130, 1887. 

3. Whitman, R.: Observations on Fortj’-Five Cases of Flat-Foot with Particular Reference to Etiology 
and Treatment. Boston Med. and Surg. J., 118 : 598-601, 616-620, 1888. 

4. Whitm.an, R.: The Operative Treatment of Parah'tic Talipes of the Calcaneus Tj^pe. Am. J. Med. 
Sc., 122: 593-601, 1901. 

5. Whitman, R.: A. Retrospective Commentaiy on the Campaign for the Establishment of the Positive 
Standard of Treatment for Fracture of the Xeck of the Femur. J. Bone and Joint Surg., 27 : 334-339, 
.\pr. 1945. 


BONE-IMARROW EAIBOLISM FOLLOmNG FRACTURE 

BY STU.A.RT LINDSAY, M.D., SAN FRANCISCO, CALIFORNIA, AND 
CAPTAIN HENRY D. MOON, Medical Corps, Army of the United States 

From the Division of Pathology, University of California Medical School, and the 
Laboratory Branch, Letterman General Hospital, San Francisco 

When fat embolism of the lungs and brain occurs, it most often follows fractures of 
the shafts of the long bones. In adults, the marrow of these bones consists largel}'^ of olein, 
vhich is a liquid at body temperature. Fat embolism occurs less frequently after fractures 
3f the flat bones or fractures of the ends of the long bones ; in these locations the marrow 
cavity is composed mainly of hemopoietic tissue. Although the historical, clinical, roent- 
genographic, and anatomical aspects of fat embolism are well known^-'*, and more than 
600 cases have been recorded in the literature, only one case of associated bone-marrow 
embolism to the lungs has been reported^. Pulmonary embolism caused by marrow frag- 
ments has been described in eclampsia.' The occurrence of this process after skeletal 
b auma has been mentioned by AlacCallum, without further comment. It seems probable 
that bone-marrow embolism, associated with fat embolism, occurs frequently after frac- 
tures. It would be necessaiy to examine the entire pulmonarv’ tissue by microscopic sections 
m order to demonstrate the few fragments of marrow which have been liberated into the 
vascular system at the fracture site. The finding of such emboli in a few random sections 
o pulmonarj' tissue is purely accidental. 

'OL. 28, NO. 2, APRIL 1040 


378 


S. LIXDSAY AND IJ. D, MOON 



Case 1. Ilt'matoxylin ami eosin t-tnin (X 120). 
ca.«;k REPOUT.S 

Case 1. A white sailor, twenty-one year.-< of afio. entered llie Hospital shortly after he had fallen 
from a door of a raindly niovinj? train. Upon admission, lie was imeon.seiotis and Ids breathing was 
stertorous. There was jirofuso bleeding from the nose and mo\ith. Multiple lacerations of the right side 
of the scalp and an extensive laceration, e.xtending into (he lateral aspect of the right knee joint, were 
noted. Numerous sujierficial abrasions were prc.seni on the scalp, sho\dders, elbows, and hands. There 
was an oblique fracture through the lower [jorlion of (he I.ateral condyle of the right femur. The pa- 
tient’s temperature was 103 degrees, the residratory rate was 2S. (he i)ulso rate was 120, and the blood 
pre.ssure was 115/60. During a se\'en-hour jieriod, (he patient had ten generalized convulsions, char- 
acterized by extension and stiffening of the extremities, flexion of the heat! to the right, and opisthotonos. 
The Babinski .sign was positi\’e bilaterally, and tiie knee jerks wore increased but equal. His tempera- 
ture gradually became elevated to 105 degrees, the residratory rate increased to 50, and the pulse rate 
to 156. Death occurred thiri,v-nine hours after injury and thirty-four hours after the onset of convulsions. 

At autopsy, the lungs were large, voluminous, tense, and firm. Both the pleural and the cut surfaces 
showed a di.stinct mosaic appearance, with alternating zones of marked congestion, hemorrhage, and 
gra 3 dsh consolidation. A large amount of froth>\ sang-. ineous fluid exuded from the cut surfaces. There 
was a mild subarachnoid hemorrhage o\'cr the cerebral hemispheres, most marked on the superior .surface 
on the right side; similar hemorrhage was observed on the superior surface of the cerebellum. Mul- 
tiple hemorrhages, one to four millimeters in diameter, were scattered throughout the cortex, the white 
matter, and the basal ganglia of the cerebral hemisjjheres; the.v were most numerous in the frontal lobes 
and on the right side. 

Histological changes were limited to the lungs and to the brain. Staining with sudan IV showed the 
absence of lipid material in the himina of the cardiac and renal blood vessels. The puhnonarv arteric.s 
and veins, and the capillaries of the alveolar walls, were distended with blood. In one of the many 
piilmonaiy sections was a branch of the pulmonaiy arter.v, which measured approximatel.v 370 by 950 
micra. Its lumen was almost completel.v filled with a large fragment of well-defined bone marrow (Fig. 
1). This consisted of numerous fat cells, erythropoietic cells, and invelopoietic cells, several megakaryo- 
cytes, and supporting connective-tissue cells, Bj" serial sections, this segment of marrow could be fol- 
lowed in the lumen of the vessel for a distance of 70 micra. The marrow embolus had lodged at the 
bifurcation of the vessel, and extensions of it could be followed into the two branches. These branches 
measured 250 and 340 micra in diameter, and were almost completely filled with the embolic mass of 
marrow tissue. 
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Most of tlio alveoli and (lie l)ron{;!iiolc.s were filled with .‘feropnrnlent e.viidatc. Others contained 
red blood cell.s, .‘^eroiis fluid, fibrin, and niaeroiiliiif^e.'f eonlaininn blood pigment. Staining with sndan IV 
demonstrated globules of neutral fat in the lumina of inan.v of the larger jnilmonary ve.sscls and in the 
cai>illaries of the alveolar walls. Smaller lijiid globules also lay in the alveolar spaces. Some had been 
ingested by inacroiihages and by neniroiihilic Iciikocjdn-''’- 

Many small hemorrhages were present in the cerebral hemisidieres. most often in a perivascular 
situation. Moderate ainounls of blood were pre.seni in the .subarachnoid siince. Many of the small 
cerebral arteries were distended, but empty. Xo lipid material within (hem could be demonstrated by 
staining with sudan IV. 

Cask 2. A while merchant .seaman, forty-five years of age. was strangled while in an alcoholic state 
and was thrown 250 feet down a steei), I'ocky cliff, wliere he was found dead the following morning. At 
autoixsy, there was anatomical evidence of strangulation and a.si)hyxin. There were multiple fractures of 
the skull, sternum, left clavicle, mandible, right radiu.s, ribs, and .seventh thoracic vertebral body. Mul- 
tii)le lacei’ations and abrasions of the skin, cardiac; contusion, and hepatic and renal lacerations were also 
noted. Inspection of the brain showed moderate .subarachnoid hemorrh.nge, and numerous petechial 
hemorrhages were iwesent throughout the white matter of the cerebral hemisjdieres. In addition to the 
subplcural asphy.xial hemorrhages, both lungs were mildly congested and oedematous. 

The capillaries of the alveolar walls were moderately distended with blood. Small amounts of 
serous fluid and numerous macrophages containing pigment were i)i'e.sent in the alveolar spaces. Some 
of the alveolar .spaces were emphy.sematous; others were atelectatic. Staining with sudan IV revealed 
only a few jiulmonary ve.ssels which contained lipid globides. In one of the many sections examined, 
the lumen of one branch of the i)ulmonnry artery, mea.siiring about 210 by GdO micra. was almost com- 
pletely occluded by a fragment of bone marrow (Fig. 2). This was composed of well-defined erj'thro- 
poictic and myelo]roictic elements, and a few fat cells. There were no megakaryoc.vtes. The marrow 
embolus could not be demonstrated in .serial .sections, X’o lipid material was evident in the lumina of 
the renal or the cerebral vessels, when stained with .sudan IV. 

Ca.se 3. A white .soldier, twenty-three years of age, collided with an automobile while he was riding 
a motorcycle. He was dead a few minutes later, upon arrival at the Ho.spital. At autopsj' the following 
lesions were found: multiple comminuted fractures of the .skull and the sternum; fractures of the left 
radius and ulna, the left femur, and the right tibia and fibula; contusions of the forehead, nose, lips, 
chest, and left shoulder; contusions of both lungs; lacerations of the left kidney; and subdural .and 
subarachnoid hemorrhages. 

The capillaries of the alveolar walls were mildly congested. Many alveoli were filled with red blood 
cells. Several sections of pulmonaiy tissue were made; one contained a single branch of a pulmonary 
artery, measuring about 215 by 400 micra, which contained a fragment of well-defined bone marrow 
(Fig. 3). This material almost filled the lumen and was composed of erythropoietic and myelopoietic 
elements, two megakaryocytes, and several fat cells. The embolus could not be demonstrated in seri,al 
sections. Although staining with sudan IV was not done on the cerebral, pulmonaiy, and renal tissues, 
there was no vacuolation of the vascular contcnt.s, which might suggest the presence of lipid globules. 
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BV A. R. BUCIIAX VX, M D . DEX\ ER. COLORADO 

From the Dcpnrtmriil oj Anatomy, Uinvcr\ity of 
Colot ado School of Medicine, Denver 

A cadaver of a white male, who was thirtj'-eight years of age at the time of death, 
was found, during tlie course of its dissection by two members * of the first-j-ear class in 
anatomy, to have bilaterally immobile hip joints. Complete exposure of the hip regions 
revealed that the immobility was due to well-developed, completely extra-articular arches 
of bone, located anterior to the joints tFigs. 1-A and 1-B). On each side the bony arch 
extended from the region of the anterior inferior iliac spine to the anterior surface of the 
femur. Both hips were fixed in the position of moderate flexion. 

Roentgenograms, showing the relation of the bony arches to the hip joints, are re- 
produced in Figures 2-A and 2-B. Grossly and roentgenographicallj", the arches had the 
appearance of true bone. Sections from one of them were ground and mounted on slides. 
Microscopic examination proved that thej* were actually bon}- structures, rather than 
mere depositions of calcium salts (Fig. 3). 



Fig 1-A Fig 1-B 

Photopaph of left innominate bone and Photograph of right mnommate bone and 
shoeing the bony connection between femur The bony process was fractured by 
lum and femur forceful abduction of the thigh. 


B alter F. Anderson and Donn Richard Barber 
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The tendons of the iliopsoas and pc'ctinen.s were not involved in the osseous process on 
cithei' side. There w;is, howe^•er, eon.siderahle atrophy of the iliacus and ])octineus, which 
was to he expected since no movement of the femur in relation to the jielvis was possible. 

The bony arch on the rifiiht side was fractured when the students attcmi)tcd to abduct 
and flex the thighs to facilitate dissection of the perineum (Figs. 1-B aiul 2-Bl. Subsequent 
to this fracture, tlu' head of the femur was freely movable within the acetabulum. Exami- 
nation of (h.e joint on the left side showed dial it also was fi’ce of any intra-articular 
a n k y 1 osi n g ] ) I'o c ess. 

The iliofemoral ligaments (Y-shaiied ligaments of Bigelow) could not be demon- 
strated, although the posterior and inferior i)or(i(*ns of the joint capsules were present and 
were normal in appeara.nce. The positions and ladationshiirs of the bony pi'ocesses were 
such as to make it seem probable (hat they might have developed as o.ssifications of these 
ligaments. The cross sections taken from the arch on the left side proved to be much more 
densely ossified in their deeper strata than in their more superficial (anterior) strata. 


.Vccordiiif: lo llio !i\’!iil(il)l(' liislory, (lii."' indiA'idiial entered llie Colorado .School for Mental Defec- 
tive..^ at die aiii’i'ONiniale aae of eiglit \-ear.< and reiu.ained tlieie for twenty-two year.-;. Tlie remaining 
eight year..; of liis life were .-i-enl in thr* Colorado .‘^taO' Ho.-iiital. He wa< the third of eight children and 
weighed chvon (loiind... at hirih; the liirlh wa< recorded a..; i>rolonged. 

.■Vn undated note, made during his long stay at tlie .School for Mental Defectives, described his 
gait as “slow, uncertain, and .slmflling’’. I'jion ailinissiou lo tlie .^lale Hosjiilal his gait wa.« again de- 
scribed as “slow and shnflling". with poor coordination. The diagno.'is on arhni.s.sion wa.s “mental 
deficiency — idiot”. 

During tlie last se\on years of his life he was liedfasl. veiy deteriorated mentally, and indifferent 
to his surroundings. Occasional convulsions were recorded during the last two and one-half years. 

The only abnormality recorded during the coiir.se of the di.ssection. other than the e.vtemally 



Pig. 2-A Fic. 2-B 

Roentgenogram of left hip joint. Roentgenogram of right hip joint. 
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Fig. 3 

Photomicrograph of a .'mail area of a giound section from the bony process which 
was lesponsible for the extra-articular fix'ation of the light liip joint. Lacunae and 
canaliculi originally occupied by bone cells are clearly visible. 


ankylosed hip joints, was a tiemendoush’ enlarged sigmoid colon. No other joints were similarly 
in\ olved. The brain wa« not examined. 


DISCUSSION 

So far as could be determined, no report of a similar case of bilateral ossification of 
file iliofemoral ligaments has previously appeared in the literature. Kazakov and others 
have reported unilateral extra-articular ankylosis of the hip due to myositis ossificans, 
following some type of trauma. 

Although the ossification that occurred in this case did not involve the connecth e 
tissue within the muscles — a finding which is supposed to be characteristic of the entity 
known as myositis ossificans — one is inclined to apply that name to it. In his discussion 
of myositis ossificans, von Pannewitz divided his ninety-four cases into three gioups. 
fhose in which there was ossification of the joint ligaments and capsule following joint 
injuries (especially dislocation) , those in which there was ossification of muscle as a result 
of a single trauma, and those in which ossification of muscle occurred after repeated slight 
traumata. In most of the cases described by von Pannewitz there was involvement of 
iiiuscles. He did, however, refer briefly to a case in which there was ossification limited to 
t le plantar aponeurosis, as a result of a crushing injury to the foot. The plantar aponeu- 
’osis is not considered to be a ligament, but its structure and function are similar to those 
r’f hgaments. Gruca stated that ossification of the joint capsule had been obseiwed by a 
nuinbor of individuals who investigated myositis ossificans, but he failed to include specific 
11 iliogiaphical references to these investigators. 

The various ideas as to the etiological factors in myositis ossificans have been dis- 
cussed by Painter, Noble, and others. Bowers commented upon the frequency of the 
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condition in insane persons. Noble staled tliat most of the eases occur in males, during 
early adult life. 

It is, of course, impossible to come to any flefinite eonelusion as to the time of incep- 
tion of the condition found in the cadaver (ic.scribcd herein. The “slow, uncertain, and 
shuffling” gait noted at some time during his stay at the School for Mental Defectives was 
no doubt due, at least partially, to the ankylosis of the hip joints. There was no definite 
history of trauma that might have accounted for the condition. 

There is a somewhat remote possibility that bilateral trauma, responsible for ossifica- 
tion of the iliofemoral ligaments, could have occurred at the time of birth. The prolonged 
labor may have been comi)licaled by uterine inertia, which necessitated podalic version 
and e.xtraction. Excessive traction exerted through the relatively undeveloped hip joints 
may have resulted in injury to those portions of the cai)sulcs which eventually thicken to 
form the iliofemoral ligaments. It is then nccc.ssary to a.ssumc that the subsequent growth 
of the pelvis and femora was accompanied by proportionate growth of the bony arches. 
That such growth could occur does not seem an unreasonable assumption, since there is a 
separate. center of ossification for the anterior inferior iliac spine. 

The history of convulsions might be con.ridered significant in this case, if it had e.\- 
tended over a long jicriod, but it docs not seem likely that bony processes so well developed 
as to appear to have been associated with the normal ossification of the pelvis and femora 
could have been devclojicd during the last two and one-half j-cars of the subject’s life. It 
might be suggested that the ligaments o.^^sified during the prolonged period (seven yeans) 
during which he was bedfast and completelj' inactive, but this would preclude any con- 
nection between the bony formation and his manner of walking. Furthermore, all normal 
processes of ossification in the pelvis should have been complete at the time he became 
bedfast. 

Whether an ossifying diathesis was associated with the mental derangement in this 
individual, as mentioned by Bowers, cannot bo determined. It would seem that other sites 
of abnormal ossification would probably have been found, if the i)rocess had been the 
result of such a diathesis. 

Spondylitis adolescens (Strumpell-Marie disease) was considered as a possible ex- 
planation for the ossification of the iliofemoral ligaments in this case. It was ruled out 
because of a lack of fixation in the sacro-iliac joints which, according to Blair, are usually 
the first to be attacked in this disease. 

Note: The author appreciates the cooperation of F. H. Zimmerman. M.D., Superintendent of the 
Colorado State Hospital, who furnished the available histoiy of this case. The bone sections were pre- 
pared by H. M. Kingery, Ph.D., and the illustrations bv Glenn Mills; their help is gratefully ac- 
knowledged. 
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A BILATERAL ANOMALY OF THE WRIST 

^ RnpoRT OF A Case 

BY MAJOR R. D. BUTTERWORTH AND CAPTAIN \V. E. DANER 
Medical Corpt, Army of the United States 

An unusual type of congenital deformity of the wrists, unique in the experience of 
the authors, was observed. The deformity was bilateral, with fusion of all the carpal bones 
and of the second, third, fourth, and fifth carpometacarpal joints on the right; and fusion 
of the capitate and hamate bones on the left. 

A perusal of available textbooks and periodicals revealed a case reported by White ^ 
I of bilateral congenital fusion of the capitate and hamate. He states that such fusion is 
rare, as judged by the paucity of reported cases. 



Fig. 1-A Fig. 1-B 

Fig. 1-A; Shows fusion of all carpal bones and of the second, third, fourth, and fifth carpo- 
I metacarpal joints on the right. The capitate and hamate on the left are fused. 

Fig. 1-B: Additional views of right wnst, showing fusion. 


CASE REPORT 

An mfantrj’man, twent 3 ’-three j’ears of age, entered the hospital with the complaint of pain in his 
nght ■wrist. There was no historj' of recent trauma, but he had injured the same wrist one j-ear before, 
^niie plaj’ing with a medicine ball. Several weeks of immobilization had resulted in complete relief, 
lore was no historj' of infection of this or of any other joint. 

Physical examination was essentialh’- negative, except for about 10 degrees of limitation m flexion 
anti extension of the right wrist, and complete fixation of the carpometacarpal joints, demonstrated by 
Tr°i * compression of the hand. There was no apparent weakness, deformitj’, or tenderness A blood 
a in tost was positive; all other laboratory studies were normal. 

Koentgenograms of the right ■wnst, taken in several positions, showed complete intercarpal fu^^ion, 
as nell as fusion of the second, third, fourth, and fifth carpometacarpal joints. On the left, the capitate 
and hamate only were fused (Figs. 1-A and 1-B). 

of ■ f believed that the abnormalities were congenital, since there were neither histoiy nor sign- 
in ection; the trauma had been slight; fractures, old or new, could not be demonstrated; and thi= 
amount of fusion has not been seen even after severe compound fractures of the wn^t. The change^ 

ere not characteristic of sx’jihilis, although there was a positive history of thi« infection of four vear-' 
ouration. 

The function of the wrist was so good and the discomfort so slight that treatment was not instituted 

RITE, E. H.: Bilateral Congenital Fusion of Carpal Capitate and Hamate. A Case Report. Am. .1. 

I i^ocntgenol., 52; 406-d07, 1944. 
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FRAC'riIRF.-]DISL(X:ATI()N OF Till-: MID-TARSAL AND 
CUIiOIDl'IONAVIGULAR JOINTS 


Rr.i’ouT or a C’asi: 

HV IIOVIN A. .lASLOW. M.I).. sAYUi:, I’l'A'XSVLVAXIA 

riom lli( S(rli(>)i II)) Oillioiifii ilir fiiifl 'riniDiifitir Sii){/C) 

Glilliiii ('liii)i mill Itiiht il l‘iit hi 1 Ifii^pilnl, Srij/ir 

An unusual (ypr of fracluro-dislocation of llic fool — (ho ro^-ult of a severe crushinj 
injiuy — was seen roeontly. Tiie (li.sIocali(»n. a^'-'ooiatod with nuilfiple small fractures, wa 
a medial displaeeineni al (ho nud-(ai''al joirit ((diopait’s joint) in which the navicula: 
was disidaocd farther on (ho talus than wa^' the cuboid on the caloancu«. Thus, there vas 
a diastasis hotwoon the navicular and (ad)oid.and the di''location was in the form of a T 
By rocnt'^cnoRram. the displacement at the lioiixontal arm of the T (the mid-tarsal joint) 
was readily seen (Figs. ]-A and 1-Ii). hut the vcadical aim between the navicular and 
cuboid was only demonstrated at operation. Key and ('onwell ’ state that the micl-taisal 



Fig. 1-A 
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Fig 1-B 

Roentgenogi ams leveal the position of the dislocated bones on admission. The medial dis- 
placement of the naviculai and cuboid is well demonstiated. 
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dislocation is “a rare lesion”, and the presence of the diastasis in this case would seem to 
contribute to the raritj'. 


CASE REPORT 

An eleven-ycar-old boy was seen in llic Clinic on March 2, 1945 with a painfully sn-ollen left foot. 
He stated that twelve day.s previously ho had been riding a pony and that the animal fell and rolled on 
his left foot. Roentgenograms revealed a fracturc-tlislocation of the talonavicular and calcaneocuboid 
joints with possible fracture of the third cuneiform bone and incomplete fractures of the necks of the 
second and third metatarsals. Because of the time which had elapsed since the injurj-, open reduction 
was elected and the patient was operated upon the following morning. 

The talonavicular joint was opened through a dorsomedial incision, one and one-half inches long, 
and the joint space was freed of organizing fibrous tissue by sharp dissection. Reduction was then at- 
tempted with the aid of a skid, but resistance was encountered and it was felt that there must be a block 
at the calcaneocuboid joint. Accordingly, the calcaneocuboid joint was exposed through a one-inch 
lateral incision and the fibrous tis-uc was removed. It became emdent that there must be a diastasis 
between the navicular and cuboid bones. The dorsal cortices of both the navicular and cuboid were 
fractured and, when a crocheted cotton ligature was pulled up through awl holes between these bones, it 
tore through the osteoporotic bone. A stainless-steel screw was inserted into the medial aspect of the 
naiiciilar, through a large drill hole, and tapped into the cuboid; the pull-up action of the screw was 
utilized to reduce the diastasis. Then the dislocation at Chopait’s joint was reduced easily, and position 
could be maintained with minimum pressure. 



Fig 2-A 



i'lG. 2-13 

Showing the position four months after operation. The bones are in relatiicly normal position. 
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A skiii-tiglit cast was applied from the toes to (lie libial tubercle. Seventeen days Jaler a walking 
iron was added to the cast, and the jiatient was allowed to bear weight. Four weeks later, when the ca.st 
was removed, tlie wound had healed. Four months after operation (ho jiationt walked with a normal gait 
and tlio foot was asymptomatic (Figs. 2-A and 2-13). Approxirnaloly 25 per cent, of the pronation- 
supination of tlic foot was lost. The fractured necks of the .second and third metatar.sals healed with 
minimum angulation, which is not clinicall.v significant. 

Tlie immobilization of joinls rigid internal fix.alion is usually not advocated for the 
treatment of fractures or dislocations. In this case, however, it was the only means at 
hand for maintenance of the reduction. Tlie case is reported because of the good result 
obtained and the minor degree of limitation of motion. 

1. Ki:r, J. A., and Conwcm., If. E.: The Management of I'Vacture.s, Di.slocation,« and Sprain.s, Ed, 3. 

St. Louis. The C. V. Mosby Co., 1912. 


AVULSION OF THE ISCHIAL TUBEROSITY 

Report of a Case 

BV captain EUGENE F. LABUZ 
Medical Corps, Army of tl.e United Stales 

From the Orthopaedic Service, Army Air Forces Regional Station Hospital, 

Scott Field, Illinois 

The paucity of cases reported in the literature would indicate that avulsion of the 
ischial tuberosity occurs rarely. In 1937 Cohen reported a case, and he reviewed three 
cases which had previously been recorded. McMaster has recently reported an additional 
case. 


CASE REPORT 

A white male, twenty-four 3 mars of age, was seen in the Orthopaedic Clinic of the Station Hospital; 
he complained of pain in his left buttock of eight 3 mars’ duration. He ga^'e the following histor 3 ": While 
playing football at the age of sixteen, he stumbled to the ground and a fellow pla 3 mr fell on top of him. 
He did not remember the exact nature of the fall. A sudden, severe pain in the left buttock first devel- 
oped at that time, and his left lower extremity became very painful on weight-bearing. He was examined 
by a physician, who recommended a period of rest in bed. No roentgenograms were made. The patient 
was confined to bed for from six to seven weeks. He limped for “a number of months” after the injury; 
with every step there was associated deep-seated pain in his left buttock. Gradually, this pain on 
weight-bearing subsided. He gave no history^ of acute aggravation of symptoms by any subsequent 
trauma, either direct or indirect. 
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Fio. 1 

Anteroposterior view of the pelvis, showing avulsion of an enlarged crescentic secondarj- epiphysis 
of the left ischial tuberosity. 


When examined in the Orthopaedic Clinic, the patient complained that stooping evoked a moderate 
amount of pain at the site of his previous injurj'; that, if he sat on his left side for any length of time, an 
ache of progressive intensity developed ; and that weight-bearing on his left lower extremity was painful, 
when he was physically burdened. 

Physical examination revealed a well-developed white male, twentj'-four j-ears of age. His posture 
and gait were normal. Inspection of the buttocks revealed no asj-mmetiy. Although there was no tender- 
ness on palpation over the left ischial tuberosity, hea\'y percussion produced some deep-seated pain. 
The epiphj-sis was rigidlj’ fixed and the range of motion of the left hip joint was normal. Forced flexion 
of the thigh on the abdomen, liowei-er, caused a moderate degree of “pulling” or “tearing” pain in the 
left buttock. Forward bending evoked the same complaint. When compared with the right lower ex- 
tremity, the left mid-thigh was atrophied one inch and the left calf was atrophied one-half inch. Both 
loirer extremities were of equal length. 

Roentgenographic examination revealed a large crescentic secondary epiphysis of the left ischial 
tuberosity, ununited to the bod 3 ' of the ischium. The apposing surfaces were irregular in contour. A 
small area of calcification above the superior border of the fragment was interpreted as ossification of a 
previously existing hematoma. 

This patient was given diathermj', but remained arabulatoiy. He was assigned to limited dut\', 
and was advised to refrain from strenuous activit>'. Ko significant change was observed in his condition 
during the two months in which obsen-ation was possible. 
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ISOLATED FKACTUEE OF THE PISIFORM BONE 
Rkpoht of a Casio 


BV MAJOR VIHCIL MCCAHTV AM) MAJOR IIARRV FARBIOR 
Medical Parpn, Ann]/ of the United Slales 

From the Orthopaedic Seelion, Statton lloi^pital, Camp [lou'ze, Texan 

Fracture of (he iiisiforiu Iiouc is a rarity in medicine, if one may judge from tlie very 
fc\c cases of this condition which have been reported. The fir.st known ease occurred in 
1847. Jaeger collected eleven oases in (he literature, and in addition rc])or(cd a ease which 
he had observed. Two cases were reported by Jean and one by Briggs, making a total of 
appro.x'imatel}" si.xtcen cases. 

The exact mccl)anism involved in the production of fracture of the pisiform bone has 
never been defined clearly. Exhaustive studie.s bj' Jean and vSolcard, however, indicate 
that the most probable mechanism is that of hyperextension of the wrist, with the forearm 
in pronation and adduction. Jean and Solcard observed an accidental fracture which 
occurred during hyperextension and adduction. It is evident that both of these mecha- 
nisms, that is, adduction and jironation, are strikingly similar. 

Doubtless there are many eases of iiisiform fracture which have not been rejiortcd. 
and perhaps a great many others which have gone undetected; but. due to the rarity of 
the condition, the following ease is presented. 


CASK RKPORT 

A while isolclicr, twcnly-lhrce yoaiv of ufic. reported at the Orlhopaedie Clinic on May 23, 104-1. He 
staled that three days previotisly, wliile lie was running to the mess halt, he slnmbled and fell on his 
outstretched left hand, sinking it again.st a .'-lone on the ground. Examination revealed abrasions of 
the left tluinib and llie left thenar a.speel of the thumb. There was j)oinl lentiernes.s over the volar 
aspect of the left wrist, overlying the lusiform bone. Xo erepitus was noted. Roentgenograms of the 
left wrisf revealed a fracture of the iii.siform bone, without di.splaeemenf. A roentgenogram of tlie right 
wrist, taken for comparison and to rule out i)isiform .seeundarium (cicco?>ovy pi.siform) w;is found negative. 

A lighth’’ padded circular jilaster ca.«t was applied to the loft forearm and hand, with the wrist in 



Fig. 1 

Fracture of pisiform bone of left wrist. 


the po.'-ilion of slight palmar flexion and ulnar devi- 
ation. The metacarpophalangeal joints were not 
immobilized. This patient was treated in the Out- 
Patient Clinic and returned to light duty. It was 
neces.sary to reinforce the cast on June 15. On June 
22, the ca.st was removed and a roentgenogram was 
reported as follows: “Re-cheek of the left wrist 
fads to lisualizc the fracture line of the pisiform, 
apimrently due to healing”. Immobilization was dis- 
continued at this time. The patient was observed 
one week later, and at this time he apparentb' had 
full function and no residual disability. 

The authors believe that roentgenogvaphic'' 
studies sliouid be made of every wrist injury, 
even though it may appear extremely slight. 
Three views are essential. Delaj^ed treatment 
or failure to recognize such fractures may re- 
sult in prolonged treatment and unnecessary 
disability. The treatment recommended con- 
sists of immobilization by plaster cast or 
molded splint, with the wrist in a position of 
mild palmar flexion and ulnar deviation. 
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SUBMENISCAL FOREIGN BODIES IN THE KNEE 

Report of Two Cases 

BY WILLIAM E. KENNEY, M.D., NEW HAVEN, CONNECTICUT 

From the Section oj Orthopaedics, Department oj Surgery, Yale University School 
of Medicine, and the A'eta Haven Hospital, Xew Haven 

The diagnosis, localization, and surgical removal of loose bodies within the knee 
present interesting and difficult problems. It is not sufficiently well recognized that foreign 
bodies, both endogenous and exogenous in origin, may be located underneath the menisci. 

Geist has reported two cases in which chondro-osseous bodies were removed from 
beneath the anterior horn of the lateral meniscus. Bizarro described a case in which a 
fragment of glass was found beneath the posterior horn of the lateral meniscus. The author 
has published his experience with a case in which fragments of a sea shell were removed 
from the submeniscal compartment of the posterior horn of the medial meniscus. 

The first case to be presented revealed a fragment of glass underneath the anterior 
horn of the lateral meniscus. In the second case, a chondro-osseous body was discovered 
beneath the anterior horn of the medial meniscus. 

CASE REPORTS 

Case I. E. A., a white woman, seventy-nine years old, appeared in the Emergency Room of tlic 
Xew Haven Hospital on November II, 1944, with the complaint of a cut on the left knee. Shortly before 
admission, the patient had tripped on a curbstone while canwing a gla.'s jar of ground coffee. She had 
fallen upon the left knee. 

Examination revealed a ragged, transverse laceration, eight centimeters in length, on the antero- 
lateral aspect of the left knee. The interior of the knee joint was easily seen through the wound. Coffee 
grounds and dirt were embedded in the laceration, but no glass was seen. It was noted that the patella 
was higher than normal. No active extension of the knee was possible. There was no evidence that the 
peroneal nerve had been injured. Roentgenograms (Fig. 1) showed a radiopaque object, presumably 
glass, embedded deeply within the substance of the proximal end of the tibia. 
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Tlie cliaRiiosiR. (lioroforo, wns coniiioiiiul wound of (he knee joiid, eomi)onnd fnielnre of Uio tihia 
eansed by a fragment of glass, and hveeration of (lie palcllar ligament. After the usual prophylaetie dose 
of mixed tetanus and gas-baeillns antitoxin had been given, the jiatient was broiiglit to the operating 
room. 

The Avound was eloansed and debrided. Numerous fragment.s of glas.s were removed from the sur- 
rounding soft (issue, as was also the large fragment whieli was buried deeply in the tibia. Careful iu.spoc- 
tion of the wound led to the eonelusion that all the gla.ss liad been found. Exjierienee with th.c i,rcvioii> 
ca.se, mentioned above. led (he operator to .su.speet (hat .some foreign body might be eonecalefi beneath 
the meniscus. Therefore, (he snbmeniscal compartment of (he anterior horn of the lateral meniscus was 
explored. A jncce of gla.ss about two eenlimelers in length was uneovered and removed. The [latellar 
ligament was repaired and the wound was clo.sed without drains, following a cojiious irrigation of the 
knee joint and wound with saline. A cast was ainilied. The postoperative cour.se was uneventful, and 
the wound healed by first intention. Eight n’ceks Inter the e.-ist was removed anfl plo’.siothcrapy was 
started. The jratient was last seen on August 7, HH.o. ICxtension and flexion were complete. There was 
no pain or limp. Muscle strength and stabilitj' of the joint were normal. 

CotnmeiU: In this c:\sc, a large exogenous foreign object was coin]ilctciy concealed by 
a meniscus. If tlic operator liad not been conscious of the possibility that the subincniscal 
compartment can contain and conceal foreign objects, contaminated material would most 
certainly have been left in the knee, and the result might have been much different. 

C.A.^n 2. M. G.. a fifteen-year-old white boy. entered the Clinic with the complaints of pain in the 
right knee and a swelling on (he medial jispect of the right knee joint. 

About (wo and one-half year.s lueviously, the jiatient had noted a small "growth" on the antero- 
medial aspect of the right knee in the region of the proximal end of the tibia. The localized .sivelling 
had increased in size, until .six months before his pre.sent admi.ssion to (ho Clinic. There had been no 
pain in the knee during the first two years after the ai)pearance of the tumor. During the next .six 
months, an aching pain had developed, which was unrelieved by rest and was unaffected bj- activity. 
During the same period, there occurred intermittent attacks of severe knife-like pain, which lasted for 
from one to two minute.s. Thc.se attacks incrca.scd in .severity and frequency until, at the time of admis- 
sion, several exacerbations were being experienced each day. 



Fig. 1 

Case 1. Dense foreign body may be 
seen in the region of the tibial tuberosity. 
This body is not the one found beneath 
the anterior horn of the lateral meniscus 
at operation. The lateral view added 
nothing of significance. 



Fig. 2 


Case 2. Note the triangular-shaped bony protuber- 
ance at the anterior joint line. Just above the out- 
growth is a small detached chondro-osseous body, 
which was found beneath the anterior horn of the 
medial meniscus at operation. The anteroposterior 
view added nothing of significance. 
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SPLINT FOR THE TREATMENT OF IMALLET FINGER 


BY HOWARD J. BCIIAUBBL, M.D./^ AND ERNEST W, SMITH, U.S., DURHAM, NORTH CAROLINA 

Fiom Uio Ortho (medic Division of the DcjmriinciU of Surgery, 

Duke University School of Medicine, Durham 

T]ic purpose of this paper is to describe a sj)lint for the correction of uvuLion of tiic 
extensor tendon of a finger from its insertion into the base of the distal jjhalanx. 

Mallet finger usually occurs as a result of forcetl flexion of the distal interphalangcal 
joint while the extensor tendon is contracted, hut it may follow a sharp blow directly over 
the insertion of the tendon. Tlio injury is sustained Irequcntly by indiviiluals engaged in 
sports in which a hard ball is caught. 

If the injury is not treated ailequately by jiroper reduction and fixation, the ability 
actively to extend the distal intcrjihalangcal joint is lost, and a flexion deformity develops, 
with characteristic baseball finger. Watson-Jone.s points out that the proximal intcr- 
phalangeal joint becomes hyperextended, due to the uninhibited pull of the extensor tendon 
slips to the pro.ximal portion of the middle jihalanx, and that this comjdication may prove 
more incapacitating than the deformity at the distal joint. 

The principle of treatment of mallet finger is to hyperextend the distal intcrphalangeal 
joint and to hold the finger in this position until the fracture has healed. Many splints 
have been devised to immobiliiie the avulsion fracture, as described by Lewin, Forrester 
and iMcLean, and Rider. Plaster casts have been used, but present the disadvantages that 
the plaster may become soft, the casts arc usually bulky, they arc difficult to apply prop- 
erly, and they soil easily. 

Recently, the junior author suficred a sprain-fracture of the distal phalanx of the 
right index finger. Because of hosjiital duties, it was necessary for him to have a splint 
which could bo adjusted easily and which would not be damaged greatly by moisture. The 
splint which was devised is made as follows: 


i.wVv ' 




Fig. 1 

Composite picture of pacts of splint. 


A tongue-blade is cut to the length of tlie in- 
jured finger, and two notches, onc-quarter inch wide 
and one-eighth inch deep, are cut about half an inch 
from the curved end. A right-angle wedge, the width 
of the tongue-blade, with one-inch sides and a hy- 
potenuse of approximately one and one-half inches, 
is cut from a large cork. A shallow groove, suitable 
to cup the distal plialanx, is cut in the hypotenuse of 
the wedge. The cork is then placed on tiie tongue- 
blade, as illustrated in Figure 1. Fixation of the cork 



Splint applied, with initial layer of adhesive 
strapping. 
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Fio. 3 


Splint maintained with complete adhesive 
dressing. 

AND JOINT SUBGEUY 


Orthopaedic Fellow, The National Foundation for Infantile Paralysis, Inc. 
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0 the blade is maintained with' glue and adhesive strapping. The distal phalanx of the 
ajured ftn-ger Is plated on the tapped wedgej the remaining phalanges rest on the dat, 
•dhesive-covered tongue-blade. A thin layer of felt is placed over the dorsal sm’face of the 
listal interphalangeal area and the finger is fixed with half-inch adhesive strapping, with 
he distal joint in hyperextension (Fig. 2). One strip of the adhesive strapping is then cut 
rith two butterfly slots, ^^■hen the strapping is passed over the dorsum of the finger, the 
)utterfly notches are fitted into the notches which had previously been cut on either side 
if the tongue-blade, to prevent slipping of the splint on the finger. The splint is further 
ecured by running adhesive strapping beyond the most proximal part of the tongue-blade 
0 the interphalangeal web, as indicated in Figure 3. Hyperextension of the distal joint is 
bus controlled and maintained. 
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AN IMPROVED PEDAL FOR ELECTRICAL APPARATUS USED IN SURGERl! 


UV COLONEL PHILIP LEWIN 
Mcdiatl Cor/M, Artny oj the U idled Sldtca 

From the Mayo Gcnerrd Ilonjnlid, Galenbury, Illinois 

Most bone surgeons who use tiie electricaily driven saw, or other electrical apparatus, 
have had difficulty at times with the ordinary foot iiedal. The cage, or pedal house, shown 
in Figure 1, was devised in order to avoid tipping, slipping, or moving of the pedal. 

W.hen the surgeon wears foot covers to protect his shoes, or wears muslin leggings, it 
is imperative that he be sure-tooted. The presence of the cage minimizes the danger of 

accidentally stejiping on the pedal, and eliminates 
uncertainty in locating the apparatus. It is of 
value in the use of the electrical saw and other ap- 
paratus, such as the Bovie electrocoagulator. It 
should have a wood or lead base, to avoid moving 
around too easily. 

' SUREFOOT'CAGE FOR FOOT PEDAL OF ELECTRICAL APPARATUS 

tmtir 


Fig. 1 Fig. 2 

Aluminum housing for electrical ap- Sketcli sliowing construction of apparatus, 

paratus. 

The cage (Fig. 2) was constructed by Staff Sergeant tiarry Burger, in charge of 
the Orthopaedic Shop of Mayo General Hospital, who describes it as follows: 

“The housing for the safet}" switch is made from sheet aluminum. It is five inches wide and si.x 
inches high, and is formed from one piece of aluminum, five and one-half inches wide and nineteen and 
one-half inches long. 

“The foot platform is made of wood, covered on the top and bottom surfaces with a quarter-inch 
sheet of sponge rubber; the bottom piece covers the lower surface of the entire assembly. 

“The aluminum housing is riveted to the base plate of the switch, which may be easily removed and 
later screwed back into place. 

“The connecting strip of metal joins the wood platform to the housing assembly. The piece is three 
thirty-seconds of an inch by fourteen and one-half inches in size, and is screwed to the center of the 
undersurface of the wood piece and riveted to the base plate of the switch.” 
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SPLINT TO CORRECT DEFOR^^IITY RESULTING FRO^I 
INJURY TO ULNAR NERVE 


BY MAJOR ARTHUR M. PRUCE 
Medical Corps, Army of the United States 

“Typical claw hand” is the textbook description for the deformity which frequently 
results from injurj’’ to the ulnar nerve. Due to muscle imbalance, the ring finger and the 
little finger are hyperextended at the metacarpophalangeal joints and are flexed at the 
interphalangeal joints. In addition, the little finger is abducted. Should the extensor mus- 
cles be permitted to shorten and the peri-articular tissues to become fibrosed, the resulting 
contracture will respond, if at all, only to prolonged and intensive treatment. In addition, 
the danger of joint sublu.xation and e.xaggeration of the deformity is constantly present. 

This deformity can be prevented by early splinting, combined with guarded passive 
motion, which should be repeated several times daily. To offset the shortening of the 
extensor muscles and the bowstringing of the paralyzed intrinsic muscles, especially the 
lumbricales, the fourth and fifth fingers must be maintained in flexion at the metacarpo- 



Fic. 1 

Palmar view of splint in position. 



phalangeal joints. The little finger must be adducted to prevent an abduction deformity, 
which leaves an interspace between the fourth and fifth fingers due to pull of the e.xtensor 
digit! quinti proprius. This annoying deformity causes the little finger to catch on such 
things as pockets. 

A simple splint, consisting of a soft leather cuff, encircles the proximal phalanges of 
the ring finger and the little finger and is attached to a wristlet by a rubber band, with 
the line of pull toward the navicular. Splinted in this manner, the metacarpophalangeal 
joints are flexed to approximately 90 degrees and the little finger is supported in adduction. 
Shortening of the e.xtensors is prevented, paralyzed intrinsie muscles cannot be over- 
stretched, and active exercise is possible from a physiological position. The splint should 
be worn until recover^" is complete, or until hope of recoverj’ is abandoned. 

The splint is of no value in an established claw deformity with secondary contractures 
of the joints, and it is useless in those cases in which the transverse metacarpal arch of the 
involved digits has been broken by excessive manipulation. Follow-up studies on the 
splinted hands have been difficult to cany out, but the results that have been obtained 
thus far justify this type of splint. 
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infb:ction of thf knice joint ev clostiudicm welchh 


Rhpout of a Case 


IJV CAPTAIN’ WOODUOW W'. LOVELL 
Mi'iliriil Cfii'/is, Ann!/ <>} Ihv Unilal Slalva 


The following 


ease is presented heeanse of its interest and 


rarity. 


A pi'iviitc; in die Infantry, eii'liteen yeans of a^xe, wa.s woiaided tiy a .slioll fraf;inent on February 19. 
1!M5, wliile in Germany. The in'iielralinK wound at (he point, of entrance on the medial a.spect of tlie 
riglit knee was debrided and the .■'liell fraf^ment, which wa.s embedded in tlie medial condyle of the femur, 
was removed at an evacmilion liosiiilal .shortly after (he injury. After •10,000 units of penicillin had been 
instilled into the joint siiace, (he .synoviid membrane of (he knee joint, was clo.-ed. The skin and the 
deep fascia were left, oiien, the wound was packed with va.'eline •'anze, and a lont; cylindrical pla.ster 
cast was apidied. Forty thousand units of iienicillin was yiven intijimii.-cnlarly every four hours for 
seven ty-two liours. 

Seven d.ays later, the p.atient was evacii;i(ed to a fieneral hospital in En';land. He appeared to he 
perfectly comfortable, and his temperature, pnl.-'O, and re.spiration were nornud. 

Three ilaj's after the patient had been admitted to the hospital, his cast was removed and the right 
knee was found to be moderately swollen. Thirty-five cubic centimetci's of blood-tinged fluid was 
aspirated from the knee; one per emit, jirocaine infiltration anaesthesia wa.s used. The wound on the 
metlial asjiect of the knee was dn'.s.-,od and a c;is( w.as .applied. Two days later the patient comiilaincd 
of severe headache, n:ui.seii, .and slight jiain in the right knee. Ills temperature was 103 ilegrces, tiie 
pulse rate was 130 per minute, and the respiratory rale was 22 per minute. Ilis checks were flu.-'lied 
and he appeared to be in a to.vic condition. .-V general jihysieal c.\amin.ation was entirely negative, 
e.Kccpt for a soft atiical systolic murmur. The white-blood-cell count was 33,000, with SS per cent, 
poljunorphonuclcar leukocyte.s. 

The patient had not improved by the following day, and tlie pain in the right knee had increa-sed 
in severity. A window was cut in the cast, and the knee was found to be swollen, tender, and hot. 
A second aspiration yielded si.\ty cubic centimeters of jnis. Fifty thou.''and units of penicillin was 
instilled into the knee joint, and 30,000 units was given intramu.seularly every three hours. The pathol- 
ogist reported that a smear made from the specimen wliicli had been aspirated iVom the knee showed 
large gram-positive bacilli, with apparent encapsulation. The culture was reported on the following day 
to contain a pure growth of Closlridium wclchii. It was pathogenic to the mouse. 

By parapatellar incision.s, the knee joint was then opened on its medial and lateral aspects. The 
synovia was thickened, and seventy-five cubic centimeters of the same type of pu.s was e\-acuated from 
the joint. Fifty thousand units of penicillin was jilaced in the joint s)iace and the joint was left open. 
The knee was immobilized in a posterior siiiint. The pus which had been removed from the knee at 
the time of operation was also reported, after culture, to contain Closlridium wcicitii. 

Therapy included the intramuscular injections of iienicillin and the instillation of 40,000 units of 
penicillin into the joint daily. Sulfadiazine, in a dosage of one gram every four hours, was administered 
orally, and 20,000 units of antitoxin for gas gangrene was given intramuscularly every four hours. The 
sulfadiazine level was maintained at eight milligrams per 100 cubic centimeters. Transfusions of whole 
blood were given as supportive therapy. 

Although the patient’s temperature continued to be elevated for several days, his general condition 
appeared to be much improved and there was little pain in the right knee. He was instructed to do 
quadriceps-setting exercises during part of each hour. Drainage from the knee ceased after two and 
one-half weeks, and the operative skin incisions were closed secondaril 3 ^ Phj^sical therapj^ and active 

knee motion were begun one week later. . . 

Roentgenograms of the right knee showed minimum destruction of the articular cartilage. The 
range of motion at the time of evacuation to the Zone of Interior was from 180 to 160 degrees. 
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PROGRESS REPORT OF THE JOINT COJIMITTEE ON POSTGRADUATE TRAINING 

IN ORTHOPAEDIC SURGERY 

BY lUU’H K. GHOUMLEY, M.D.. KOCHESTEB, MINNESOTA 

I. i,i, 

Association m 1944, Dr. Guy Catducll .-ouiu cc compiete their qualifications 

ing training to those men coming out of the Aimea 

for the examinations of Tlie American ^ qOO medical officers were being drawn into contact with 

Dr. Caldwell estimated that ^ore than half of these men would complete 

the specialty of orthopaedic surgery, and he i Caldwell predicted that the number of men 

their training after the War. In the fir" ten be doubled or perhaps trebled, 

certified in orthopaedic siirgen- within the next tn e oi ten %e 

until it reached 2,000 to 2.500 men in the United State.-. Committee on Postgraduate Training in 

I. ,l,e tall of mi. .atloi conaul.alioa w,.l, L .(»«,. of Tl„ Ae.<ie,„y 

Orllioiiaedic SurEety of The 4„,a,ic.an Orlliopaedic Asiociation deeded lo fom, a 

of Orthopaedic Surgeons, and the office = develop plans to meet the 

joint committee representing these two bodies, whose dutx it woui 

obvious challenge. partl.nmedic sur-eons, of the Council on Medical Education 

The list of available services for trainin,- . . P‘ , .^erpirrl, tv-four services so approved. Of them 

and Hospitals of the American Medical J^t were approved^ for two years of training, and 

six were approved for three years of traimn„, ° rvices offered facilities for 223 men in resident 

forty were approved for one year of training. ' ‘ j ,j ^ t include all hospitals and institu- 

training. It was obvious to the Join Comm ttee t at the_lis^^ 

tions in this countrj’ where facilities foi trai g P ^ gu,.^.ey of its own to determine as nearly 
For this reason the Joint Committee ® number of residencies accredited for 

as possible where the facilities and personn ■ “ ^ ^ number of districts and the Committee 

this training could be enlarged. The county “ facilities in their districts. After completion of the 

asked certain orthopaedic surgeons to report obvious: (DA number of resi- 

survey, the Committee met and re\iewed ‘be = Orders of Procurement and Assignment, were 

dencies in institutions, while having been f f ' I® “aL in a number of services which for- 
functioning smoothly and could be expande re j , training of residents had had to 

merly had been well organized for teaching a - facilities and personnel, as well as the work, to 

be abandoned and; (3) a number of mstitutions had the accredited. 

make a creditable teaching service but “3^3 of all hospitals in which the services seemed 

By letters, personal visits, and ‘I®, "‘“"J have been urged to organize a teaching 

to the Joint Committee suitable for traimng or lop ^ ^f the Council on Aledical Education 

program and, if they had not already done s , - Committee on Hospitals of The American 

and Hospitals of the American Medical Association and of the Committee 

Board of Orthopaedic Surgery. of men seeking additional training, the results of 

Besides Dr. Caldwell’s prediction of the .to, the medical officers in the services were 

the pilot questionnaire sent by Lieutenant Colonel Lueth’s office indicated that 297 additional 

watched carefully. The earlier report from Lieu However if these officers were 

residencies would be needed, if the officers were ‘bs^barged a oncm Ho-' • b ^ 

dismissed over a period of two years, 127 additional Of these. 4S7 

Lieutenant Colonel Lueth= noted that 611 men wanted 

desired long courses, and it was stated that 432 also wis ie ° ® required expansion of present 

In a later article^ on postwar P'^onmg. an es mm e of he p^ residencies 

teaching facilities was given. A tabulation indica es 1 vould be 444 The estimated addi- 

required in orthopaedic surgeiy, if demobilization occurred ^ 

tional re.-idencies required, if demobilization extended oier a p Orthopaedic Sur^en,- 

=21 JI..I offlee., totod l«.„,. cerlfeliod by Tl- f "7“ Sil t SXa.dic S,,,- 

With these statistics in mind, the Joint Committee on Po- „ . , „ lormn.l TIiptp 

gery has been doing everj-thing possible to improve and extend the facilities to meet the demand. There 
are now approximately 400 residencies in orthopaedic surgerx’ in the United btatei-. which ha\e been . i 

» Read before the meeting of The American Academy of Orthopaedic Surgeons, Chicago, Januan- 22, 


1916. 
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proved fonnallj’’ or provisionally by tiie Council on Medical Education .'ind Hospitals and by The Ameri- 
can Board of Orthopaedic Surgery. Several others are in the proce.'is of organization and should be 
functioning within a few weok.s. Much effort has been put forth b 3 ^ many individuals and hospital 
service.s as well as medical schoohs to build up their re.sident-training program in such a manner as to 
retain their approved status and to have something definite to offer the returning veterans. The Com- 
mittee cannot express too much aiipreciation of the tireless efforts of its colleagues over the country, who 
have helped so much to broaden the program of training. 

The Joint Committee had hoped from its earliest meeting to be able to set up a Registry through 
which alt applications could be filed, and thus to be able to advise the applicants of what supplemental 
training the.v would need to complete the requirements of the Board, and to inform them as to the 
services that would fill their needs. Due to inabilitj'- to find adequate personnel to staff such a Registry, 
its formation has been delayed. However, within a .short time a Registry will be set up and running. 
Dr. A. R. Shands, Jr. will be in charge and will carry on this work for the next few months at least. It is 
hoped that this will help to expedite the placement of those who are still seeking resident training. 

In planning programs of training in orthopaedic surgery, it has been pointed out that the training 
must cover three phases: orthopaedic surgery for children, orthopaedic surgery for adults, and the 
surgery of trauma to the extremities and spinal column. In addition to these, all complete training pro- 
grams should provide facilities for a review of basic metlieal sciences. The importance of this review is 
recognized in all surgical specialties. Training shouhl include also information concerning developments 
in other branches of medicine and surgoiy. The importance of sound knowledge of anatomj' and surgical 
patholog.v has long been recognized; opportunities for review and study' of these subjects should be made 
available to all in resident training. 

In order to clarify’ its attitude and to furnish a minimal standard, the Board has drawn up plans for 
basic science training. [The portion of the Report covering these plans was published in the January 
issue of The Journal (28; 1S9-190, 191G).] 

In many instances training in tho.se various pha.sc.s must be divided among several institutions. Such 
affiliations have been encouraged by this Committee. Some excellent training iwograms have been de- 
veloped in this way'. We believe the future training of ortliopaedic surgeons will be carried on largely by 
means of such affiliations. Thirty-eight institutions now are organized for three years of training, while 
in 1944 only six existed. Others will be organized. At present, approximately 190 residencies are available 
for three-year training programs. 

It should be stated clearly and emphasized that this Committee does not mean to imply’ that training 
must be divided arbitrarily along the lines indicated, but it must cover all of the recommended phases, 
whether they are completed separately or concurrently’. 

Some of the difficulties in setting up such programs in wartime have already been mentioned. One 
that has been called to our attention frequently is that in the past few years many services have had the 
smallest number of hospital patients in years. This was true particularly’ of orthopaedic services for 
children. The number was small because, with increased prosperity’, many patients were cared for by 
specialists in private practice and were no longer cared for in the wards where teaching of residents is 
carried out. How long this condition will continue, and what effect the possible plans for compulsory 
health insurance may have on these services, cannot be anticipated. It is the belief of the Joint Com- 
mittee, however, that services in hospitals in which charitable care is given may be expected to occupy 
a less prominent part in educational programs than in years past, and more patients will be cared for by 
specialists in private practice. With this idea in view, The American Board of Orthopaedic Surgery 
passed the following resolution in January, 1945. 

“In special instances, with the approval of the Committee on Resident Training, the 
Board will recognize for not over two years’ training in Orthopaedic Surgery periods of 
training in which the candidate continues work in a hospital service with part time 
assistantship to an Orthopaedic Surgeon certified by The American Board of Orthopaedic 
Surgery, provided that the major part of his time is spent by the candidate in the hos- 
pital service”. 


In order that recognition of this type of training may be obtained, a statement of the plan in each 

individual case should be filed with the Secretary of the Board^ T ' i . 

One other phase of the general problem has been discussed by the Joint Committee. Its importance 
Jq recoanized and it is our intention to cooperate in every way possible in the planning of resident 
training in orthopaedic surgery in the permanent hospitals of the Army, Navy, and Veterans’ Bureau. 
We have communicated with those who are planning the resident-training program in these hospitals, 
^ A t^will do all we can to further the program. It is the opinion of the Committee that it will be to 
the ^vintage of all orthopaedic surgeons that training in orthopaedic surgery in such hospitals as the 
the advantage o designated as hospitals for resident training be recognized. 

Army Navy, and whereby it may stimulate the continuation of 
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all efforts to improve the quality of resident training. Some services may fail in this program. However, 
we cannot encourage large numbers to take this training without first making sure that the quality of 
resident training will be excellent. 

The Joint Committee is aware, too, of the place this countiy must occupy in furnishing postgraduate 
training to students from foreign countries. While the next year or two will see facilities taxed to the 
utmost to care for returning American veterans, in the next two or three decades more graduate students 
from foreign countries will be receiving training in the United States, and plans must be developed to 
take care of them. 

Two factors have delayed the placement of veterans in residencies ; the solution of this difficulty has 
not yet been found. One is that many places on services are being held open for men whose training 
was interrupted to enter Military Service. The other is that many who have filed applications for resi- 
dencies have not been able to tell the exact time of their release from Militaiy Service. It is hoped that 
with the establishment of the Registry these difficulties can be reduced to a minimum. 

Our efforts will continue. We appreciate the helpful spirit of those who have cooperated so gen- 
erously in efforts to increase the number of approved residencies. Further help will be necessary both 
from those and from others who are developing new services now. It is our purpose to continue to 
develop services where facilities and personnel exist, and to urge continued improvement in all those 
services already established. There is room for improvement and we must progress. The whole future of 
orthopaedic surgery depends upon an adequate number of training programs with progressive, up-to-date 
plans for training new orthopaedic surgeons. 
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REPORT FROM THE COMMITTEE ON POSTGRADUATE TRAINING IN 
OR-raoPAEDIC SURGERY AND THE OFFICE OF ORTHOPAEDIC INFORMATION 

Following the January meeting of The American Academy of Orthopaedic Surgeons, the newly 
appointed Secretary took over the active work of this Committee from Dr. Ralph K. Ghormley, the 
Chairman, and set up at the Alfred I. duPont Institute in Wilmington, Delaware, an Office of Ortho- 
paedic Information where a Registry has been established for orthopaedic residencies. Since the end of 
January, all communications coming to the Committee have been referred to this office for reply and 
action. 

At the Academy meeting Dr. Ghormley reported that the files of the Committee at that time con- 
tained the names of 723 men desiring orthopaedic training. The lists of names had been compiled from 
the lists of applicants to the hospitals offering accredited training. These hospitals had received from 
ten to over 250 applicants each. During January a questionnaire was sent by Dr. Ghormley to each of 
these men in order to have on file with the Committee the following information: (1) a record of pre- 
vious education, training, and experience prior to admission into Military Service; (2) a record of the 
training and experience received in hlilitary Service; (3) the date of discharge from the Service; and 
(4) the applicant’s desires concerning postwar orthopaedic training. 

Four hundred and thirty-four of these questionnaires have been returned and grouped as follows: 
(1) men discharged from the Service and desirous of immediate training, 137 or 32 per cent.; (2) those 
desirous of training upon discharge in from three to nine months, 83 or 19 per cent. ; (3) those recently 
inducted into the Service and desirous of training upon discharge, 48 or 11 per cent.; (4) those accepted 
for training, 140 or 32 per cent.; (5) those applying for training from foreign countries, including Canada, 
18 or 4 per cent.; and (6) miscellaneous, 8 or 2 per cent. From these figures it can be seen that there are 
220, or 51 per cent, of the total, who at the time of sending in the questionnaire desired orthopaedic 
training in 1946, but had not secured an appointment. 

During the first week in February questionnaires were sent to the 110 single or combined ortho- 
paedic services accredited for training, in order to obtain information on vacancies and the names of 
the appointees. The total number of accredited residencies is now 403. To date information has been 
received from ninety-two services, which have reported five vacancies, 365 appointments, and 290 namca 
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of iiiipointcos. Tlio oiglileon I'Prvicos nol yol licanl from luivc tliirty-ciglit roidcncics. On tlio ba.sw of 
llio .‘'■ervices iTporling, if cnn bo Hfniod that !H) per oont. of liio aijpointinonts for training in accredited 
rosidoncic.s in 1910 liavc lioen niado, an of tliis dato. 

At, the pre.-iont liino, tliis otiici' lia.'i knowlodgo of oiglity-oiglit civilian Iio.->pital.s wliicli have applied or 
are about to api)iy to the Council on Medical Kducation and [[o.sj)itala and The American lioard of 
Orthopaedic Surgery for approval of orlho(>acdic training, The>e hoa|)ilala will have approximately 
132 additional re.^idencica, which, if api)roved, will increa.-e the total accredited re.>idencies to 535. Any 
hosi)ilal desiring tentative ai>proval of il.s orthopaedic .-■ervict' .should follow the {)roccdure a.s outlined 
on page 5S5 of 77a' Jounial oj the Aiiicriani Mciliriil Assari/ilion, March 2. lOUJ, “Temporary Approval 
of lle.sidencie.s”. The procedure i.s for the ho.spilal to apply for tentative apiuoval to the Secretary of the 
Council on Medical Education and no.si>ital.s of the .\inerican Medical As.-ociation, and to the Secretary 
of The American Board of Orthopaedic Surgery, giving information concerning iier.'onnel, facilities, and 
educational ])rogram of the Iiospital .‘-ervice. Upon rec<'ipt of thi.s a[)plication, the Secretary of the Board 
will take the necessary action to .secure temporary approval by the Boaial for one year, and the Council 
will, during the course of the following ye.ar, arrange for an inspection of the hospital .service by one of 
its rciiresenlatives. If temi)orary ai)i)roval i.s obtained, thi.s may later be changed to permanent approval, 
provided that the Council and the Board give final approval to this training. 

In addition to the accredited orthoimedic services in the civilian hospitals, there are now twenty 
^Tterans IIosi)itals which have e.stablished, or are .about to establish, orthopaedic residencies, and which, 
according to the i)rcscnt plan for the operation of rcsulencies in the X'ctcrans IIosi)itals, should receive 
temporary approval of their residencie.s. In the selection from the applic.ants for these residencies, 
veterans will be given first consideration. During the next two ycar.s the Veterans Administration hopes 
to more than double the number of hospitals giving orthopaedic training. The following is a list of these 
twenty Veterans Hosjnlals, with the name of the ('hairman of the Dean’s C'ommittce to whom letters 
concerning appointments for orthopaedic residencies should be addressed. 


Slate 

Schools 

Chairman of Dean’s Committee 

Location of Hospital 

California 

California. Stanford 

Dr. Howard C. XalTzigcr 

Medical School. Univ. of California 

San Francisco 



San Franei.sco 22. C.alif. 



Univ. of So. Calif. 

Dean Burrell 0. Raulston 

U. of So. Calif. School of Medicine 
3551 University Ave. 

Los Angelc.s, California 

Sawtellc 

District 

George Washington, 

Dr. Walter A. Bloedorn 

Mt. Alto 

of Columbia 

Georgetown 

Geo. Wash. School of Med. 

1335 H St., Washington. D, C. 


Indiana 

Indiana Univ. 

Dr. Matthew Winters, Sec. 

23 E. Ohio St. 

Indianapolis, Ind. 

Indianapolis 

Illinois 

Northwestern, Illinois, 

Dr. J. Roscoe Miller 

1) Hines 

Loyola 

Northwestern Univ. Med. School 

303 E. Chicago Ave. 

Chicago, 111. 

2) Vaughn 



Kentucky 

Louisville 

Dr. Arnold Griswold 

Univ. of Louisville School of Medicine 
101 IV. Chestnut St. 

Louisville, Kentucky 

Nichols Gen. Hosp. 

Maryland 

Johns Hopkins, 
Maryland 

Dr. Alan N. Chesney 

Johns Hopkins University 

School of Medicine 

Ft. Howard 



710 N. Washington St. 

Baltimore, Maiyland 




OR 




Dr. Robert U. Patterson 

Univ. of Md. School of Medicine 
Baltimore 1, Maryland 


Ma.ssachusetts 

Boston Univ., Harvard, 
Tufts 

Dr. C. Sidney Burwell 

Harvard Medical School 

West Roxbury 


25 Shattuck St. 

Boston 15, Mass. 

Dearborn 


Michigan 

^Vayne University 

Dr. Hardy A. Kemp 

Wayne Univ. College of Med. 



Detroit 1, Mich. 


Minnesota 

Minn. University 

Dr. Harold S. Diehl 

Univ. of Minn. Med. School 

Minneapolis 



Minneapolis 14, Minn. 
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Slate 

Schools 

Chairman oj Dean’s Committee 

Location oj Hospital 

New Hampshire 

Dartmouth 

Dr. Rolf C. S3-vertsen 

Dartmouth Aledical School 

Hanover, N. H. 

White River Jet., Vt 

New York 

Columbia, Cornell, 
N.Y.U.,N.Y. College 
of Medicine, 

L. I. College of Med. 

Dr. Willard C. Rapple3'e 

630 W. 168th St. 

Nerv York 32, N. Y. 

Bronx 

Ohio 

Western Reserve 

Dr. Jos. T. Wearn 

Western Reserve Unir'. 

School of Medicine 

2109 Adelbert Rd. 

Cler-eland, Ohio 

Brecksville 

Oregon 

Oregon Universit3’ 

Dr. D. W. E. Baird 

Univ. of Oregon Med. School 

Portland 1, Oregon 

Portland 

Penns3’h'ania 

Pittsburgh Univ. 

Dr. Williams S. McEllro3- 

Univ. of Pittsburgh School of Medicine 

Bigelow Blvd. 

Pitt.^burgh. Pa. 

Aspinwall 

Tennessee 

Tenn. Universit3’ 

Dr. 0. W. H3'man 

Univ. of Tenn. College of Medicine 

874 Union Ave. 

Memphis 3, Tenn. 

Memphis 


Vanderbilt Univ. 

Dr. Ernest W. Goodpasture 

Vanderbilt Univ. School of Medicine 
21st Ave., S., at Edgehill 

Nashville 4, Tenn. 

Tha3-er Gen. Ho.-p. 

Texas 

Southwestern 

Dr. Tinsley Harrison 

Southwestern Med. College 

2211 Oak Lawn 

Dallas 4, Te.\'as 

Ashbum Gen. Hosp. 

Utah 

Utah Universit3' 

Dr. H. L. Marshall 

Univ. of Utah School of Medicine 

Salt Lake City, Utah 

Salt Lake City 

Virginia 

Med. Coll, of 

Virginia 

Dr, Harry J. Warthen, Sec. 

Medical College of Va. 

Richmond, Virginia 

McGuire Gen. Hosp. 


The Army and Xavy have now designated five hospitals each in which orthopaedic training will be 
q given to doctors from the Medical Corps of the Regular Army and Regular Xa\'j'. These services are 
now in the process of being organized and established. 

This office has also had many inquiries (1) from physicians discharged from the Armed Forces who 
have completed their orthopaedic training and wish information regarding suitable locations for practice, 
and (2) from Diplomates of the Board concerning available trained assistants. At the present time, there 
are many communities which apparently are either overcrowded or about to be overcrowded with re- 
turning orthopaedic surgeons, while many other communities are sorely in need of orthopaedic specialists. 
It is hoped that this office may acquire enough information on locations for practice in orthopaedic 
surgery to establish a Registry for them, and thus help this situation. 

Any suggestions concerning how the work of this Committee can be made more effective will be 
greatly appreciated by the Chairman, Dr. R. K. Ghormley, the Secretary, and the whole Postgraduate 
Committee. 


March 23, 1946 


A. R. Shands, Jr., M.D., Sccrelnry 


FELLOWSHIPS IN ORTHOPAEDIC SURGERY OF THE NATIONAL RESEARCH COUNCIL 

Fellowships in Orthopaedic Surgery-, administered by the Medical Fellowship Board of the National 
Rese.areh Council, will again be available for the year beginning July 1, 1946. This series of fellowships, 
supported 63- a grant from the National Foundation for Infantile Paralysis, Inc., is designed to provide 
( opportunities for trailring and research in those basic medical sciences which will be of particular value 
m furthering progress in. the field of orthopaedic surgery. 
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These rescurch fcllowshiijg iire open to citizens of tlic United States and Canada wlio are graduates 
in medicine and who have completed one or more years of hospital experience in clinical surgery. They 
are intended for recent graduates, not yet profcs-sionally establislied, wlio are planning to specialize in 
orthopaedic surgery. 

Further particulars concerning these fellowships may bo obtained from the Secrctaiy of the Medical 
Fellowship Board, National Research Council, 2101 Constitution Avenue, Washington 25, D. C. 


The American Public Health Association has recently designated the following institutions as 
accredited to give the degree of Master of Public Health (Diploma of Public Health in Canada) for the 
academic 3 ’’car 1946 -^ 17 : Columbia University School of Public Health, Harvard University School of 
Public Health, The Johns Hopkins School of Hy'gicne and Public Health, University of California School 
of Public Health, University of Michigan School of Public Health, Univer.sity of Minnesota School of 
Public Health, University of North Carolina School of Public Health, University of Toronto School of 
Hygiene, and Yale University School of Medicine, Department of Public Health. 


UNITED STATES PUBLIC HEALTH SERVICE 

Appointments to fill vacancies in the Reserve Corps of the United States Public Health Service are 
now being made, and examinations for Regular Corps appointments will be held in April and May. 

Phj'sicians, dentists, and nurses are needed immediately for dutj' in hospitals, in the Tuberculosis 
and Venereal Disease Control programs, and in other activities of the Public Health Service. 

In making the announcement. Surgeon General Thomas Parran stated: “For the physician, the 
dentist, and the nurse, the Public Health Service is unique in the variety of opportunities it offers. Not 
only does the person have the opportunity for outstanding service to the nation in the growing field of 
Public Health, but the opportunities for professional growth and development are almost limitless. 
There is clinical work in Public Health Service hospitals throughout the country. Tlie importance of 
medical research is being emphasized today more and more, and in the Public Health Service research 
opportunities exist in both laboratory and the field.” 

Those interested in either immediate appointment in the Reserve Corps, or in taking the e.xamina- 
tion for the Regular Corps, should request application forms of the Surgeon General, U. S. Public Health 
Service, Washington, D. C., Federal Security Agency. 


SHRINERS’ HOSPITALS FOR CRIPPLED CHILDREN 


A nationwide, five-point program to expand and accelerate its fight against all crippling diseases 
affecting children has been set into action by the Shriners of North America. 

The new program has been developed through a series of recent meetings sponsored by the Imperial 
Potentate, William H. Woodfield, Jr., of San Francisco, and other members of the Shriners’ Imperial 
Council ; and approved by Dr. J. Albert Kejq of St. Louis, president of The American Orthopaedic Asso- 
ciation ; member surgeons of the Association who serve as chief surgeons of the fifteen Shriners’ Hospitals 
for Crippled Children, located in various cities of the country; and W. Freeland Kendrick, Chairman of 
the National Board of Trustees of the Hospitals. 

The five phases of the new plan are: 

1. The granting of scholarships, to be known as The Fellowships of the Shriners’ Hospitals for 
Crippled Children, in orthopaedic surgery, to outstanding, qualified medical students. 

2. An annual appropriation will be granted for scholarships in orthopaedic nursing. These 
nurses, in turn, will instruct and give encouragement to other nurses interested in specializing m the^i 

crippled children’s field. , , ^ * 

3 The establishment of a research project to probe further the sources, methods of treatment, 


and prevention of all crippling diseases attacking childien. 

4. The expansion of present facilities and equipment of the fifteen Shriners’ Hospitals now m 
operation and the establishment of new hospitals in other localities. ^ , mi 

5 The establishment of convalescent homes in connection with all Shriners’ Hospitals. Ihe 
installation of recreational and occupational therapy courses to assure continuing physical improvement 

nnd self-development after healing has been completed. 

The wide scope of charitable work carried on by the fifteen Hospitals is revealed m a statement by 
Mr. Kendrick that operating expenses for the current year will be in excess of $1,000,000. The Hospitah 
and endowments represent an investment of about $45,000,000, he said. 
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News Notes 


THE AMERICAN ORTHOPAEDIC ASSOCIATION 

The Annual Meeting of The American Orthopaedic Association will be held at Hot Springs, 
Virginia, June 27, 2S, and 29, 1946, under the presidency of Dr. J. Albert Key. Headquarters will be at 
The Homestead Hotel. 

The tentative program as submitted by the Program Committee is as follows: 


TiiUKSD.rY, June 27 


Morning Session 

The Calcaneovalgus Foot of Infancy. 

Dr. J. E. M. Thoin.'-on, Lincoln, Nebraska. 

The Definition of Human Locomotion on the Ba.~is of Measurement, with Description of Oscillo- 
graphic Method. 

Dr. R. Plato Schwartz, Rochc.'tcr. New \ork. 

Hypermobile Flat Foot with Short Tendo Achillis. From Observation.^ in the Canadian Army. 

Dr. R. I. Harris, Toronto, Ontario, Can.ada. 

Pre-Employment Back Examination.-; and Their Significance. 

Dr. Steele F. Stewart, Honolulu, Hawaii. 

A System for Splinting Hands for R.adial, Ulnar, and Median Paraly.-es. 

Dr. Sterling Bunnell, San Franci.;:co, California. 


Noon : Executive Se.=sion. 


Afternoon Session 

Symposium on the Inteiwertebral Di>c. 

Dr. Arthur G. Davis, Erie. Penn.sx-lvania. Chairman. 


Fbid.w, June 28 


Morning Session 

Postgraduate Teacliing in Orthopaedic Surgeiy. 

Dr. Ralph K. Ghormley, Rochester, Minnesota. 

Report of Committee on Infantile Paralysis. 

Dr. Robert W. Johnson. Jr., Baltimore, Marj'land, Chairman. 

Newer Observations on the Experimental Contributions in Infantile Paralj'sis and Their Correlation 
to Pathological Facts. The Rationalization of Treatment of Infantile Paralysis on These 
Grounds. 

Dr. Arthur Steindler, Iowa City, Iowa. 

End Results of Bone-Grafting for Non-Union of the Carpal Navicular Based on the Study of 100 
Cases. 

Dr. Gordon Murray, F.R.C.S., Toronto, Ontario. Canada. (By invitation.) 

President’s Address. 

Dr. J. Albert Kej', St. Louis, Missouri. 


Afternoon Session 

The Evaluation of Cortical and Cancellous Bone as a Grafting Material; a Clinical and Experi- 
mental Studj\ 

Dr. LeRoy C. Abbott, San Francisco, California. 

Paper on a subject to be announced. 

Mr. Harry Platt, F.R.CB.. Manchester. England, 

Subtalar Arthrorisis for Certain Types of Flat Feet. 

Dr. Allen F. Voshell, 

Dr. Charles J. Basile. 

Dr. William L. Waldrop, 

Dr. Moses Gellman, Baltimore, Maryland. 

Fracture-Dislocation of the Ankle with Fixed Displacement of the Fibula Behind the Tibia. 

Dr. David M. Bosworth, New York, N. Y. 

Medical Electronics. Electromyographic Studies of Muscle-Action Currents. 

Dr. Nicholas S. Ransohoff, New York, N. Y. 
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Satuhday, Junk 2!) 

Morning Session 

Symposium on TrciUmenL of Compliant ion.-j of Fractures of (lie Hip. 

Dr. Philip D. Wilson. Now York, N. Y., Chmrmnn. 

Noon: Executive Session. 

It will be noted that there are fewer papi'r.s on (lie program (his year. This change has been made 
in order to allow more time for discu.'sion. It would be of help to the Program Committee if those who 
wish to discu.ss any of the.se papers would write to the Chairman, Dr. IJoyil T. Brown, 372 Marlborough 
Street, Boston, Ma.s.sachusetls. 


THE AMERICAN BOARD OF ORTHOPAEDIC SURGERY 

Part I of (h(' examinations will be given in New Orlean.s, Louisiana, May 3 and I, 1016; 


in St. Louis, 
h'atiia. May 


Mi.s,souri, and San Franci.sco. C'alifornia. May lO and II. lillO; and in Philadeljihia, Pennsy 
17 and IS. iniG. They will not be repeated until the .Spring of 1017. 

Part II of tiu' examinations will be given iu Chicago, in .lanuary 1917, preceding (he meeting of 
The AitiPrirnii Annlcitiy of Ortlio[in(’(li(' Sorfcroiis. 

Correspondence and applications relative lo Part I of (he e.xaminations should be 
Guy A. Caldwell, 3.o03 Prytania StreiU. .New Orle.-ms l.’j. Louisiana. After .Inly 1, 1916, all cor 
and apiilications for Part II should be siuit to Dr. Francis M. .McKeever, 113G West Sixth 
Angeles M, California. 


sent to Dr. 
rrcspondencc 
Street, Los 


The Sovont 3 ’-Fourth Annual Meeting of (he American Public Health Association will be held in 
Cleveland, Ohio, the week of November 11, 19IG. 


The American College of Surgeons announces that arrangements have been completed for the 
holding of its T'hirt.v-Second Clinical Congre.ss at the Waldorf-.Astoria, New York, September 9 to 13, 
inclusive. Plans include the usual extensive program of demonstration.s, scientific sessions, panel discus- 
sions, sj'mposia, forums. Hospital Standardization Conference, medical motion pictures, business meet- 
ings, and educational and technical exhibit.s, which will be held in the lieadciuartcrs hotel, and operative 
and non-operative clinics in the local hospitals. 


BARUCH COMIVIITTEE ON PHYSICAL MEDICINE 

To advance and encourage research, teaching, and training in the field of phj'sical medicine — and to 
direct the benefits of this branch of medicine to the rehabilitation of persons maimed in war, industrj', 
or by illness — Bernard M. Baruch, in 194-1, made an initial grant of 81,100,000 to the Baruch Committee 
on Physical Medicine. 

The first annual report of the Committee, prepared by the Medical Director, Dr. Frank H. Krusen, 
of the Majm Clinic, has outlined the iirogrc.-JS in attaining the objectives of Mr. Baruch’s endowment. 

Eleven medical schools received funds from the original grants. The report shows the amount allo- 
cated to each school, and summarizes the activities of the j-car in the specific institutions, — such as the 
appointment of directors of the program and professors of physical medicine, creation of courses 
leading to a degree in occupational and jdn'sical thcrapx", cciui])mont of now laboratories for research, 
and plans for research in varied fields of science. 


NEW CATALOGUE OF UNITED STATES GOVERNMENT FILMS 
FOR SCHOOLS AND INDUSTRIES 

This catalogue, just published, contains for the first time a complete list of all United States Govern- 
ment sound films (sixteen millimeter) and filmstrips (thirtj''-fivc millimeter). It includes 466 motion 
pictures and 432 filmstrips of the United States Office of Education, as well as training films and other 
types of educational film produced the Navj'-, War Department, Department of Agriculture, and 
United States Public Health Service. 

The library of films shows the completed production program of the Department of Visual Aids, 
United States Office of Education, and is the result of the cooperative efforts of man 3 '- individuals. 
Twenty-three visual and technical specialists planned and supervised the productions, which were made 
by fhirfy-sjx' motion-picture companies. 

Films helped in a small measure to win the war, as training time was shortened and production was 
increased. Educators regard them as of the greatest use for peacetime teaching and training in schools 
and industry. 

The catalogue may be obtained from Castle Films, Incorporated, distributors, 30 Rockefeller Plaza, 
New York, N. Y. 
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THE AMERICAN ACADEMY OF ORTHOPAEDIC SURGEONS 


The Thirteenth Annual Convention of Tire American Academy of Orthopaedic Surgeons was held 
at the Palmer House, Chicago, January 19, 20, 21, 22, and 23, 1946, under the presidency of Dr. E. Bishop 
Muniford, of Indianapolis. The fir^t day was devoted to registration; the attendance was larger than at 
any previous meeting, with 1223 Fellows and guests registering. An excellent program of scientific motion 
))ictures was presented on the first day and at definite periods throughout the meeting. Opportunity was 
given at various times to visit the many scientific and technical exliibits. 

Instructional Courses, arranged by Dr. J. E. M. Thomson, were offered on the second day of the 
Convention, and the moining of the tliird ilay was devoted to a sj-mposium on Degenerative Hip Dis- 
ease. An Instructional Course dinner was given on the evening of January 19, followed by a panel dis- 
cussion of The Painful Shoulder and Upper Extremity. 

The following papers were read and discussed at the Scientific Sessions, on January 21, 22, and 23: 


Ajlernoon Session 


Moxd.vy, J.\xn.ARY 21 


Spasmodic Torticollis; Severe Organic Type Treated by Combined Operation, Rhizotomy, and 
Fusion. 

Dr. Alfred IV. Adson, Rochester, Minnesota. (By invitation.) 

Dr. H. Herman Young, Rochester, Minnesota. 

Dr. Ralph Iv. Ghormley, Rochester, Minnesota. 

Discussion: Dr. Loyal Davis, Chicago, Illinois. (B 3 ' invitation.) 

Dr. Lloj'd T. Brown, Boston, Massachusetts. 

Sj'mpathetic Block of the Stellate Ganglion; Its Applications in Orthopaedic Conditions. 

Dr. Guj’ A. Caldwell, New Orleans, Louisiana. 

Dr. T. F. Broderick, Jr., Boston, Massachusetts. (Bj' invitation.) 

Dr. R. il. Rose, New Orleans, Louisiana, (Bj' invitation.) 

Discussion; Dr. J. E. M. Thomson, Lincoln, Nebraska. 

Dr. Edward L. Compere, Chicago, Illinois. 

The Operatir'e Treatment of Scoliosis — A Corrective Appliance Supersedes the Bent Cast. 

Dr. Walter P. Blount, Iklilwaukee, Wisconsin. 

Dr. Albert C. Schmidt, Milwaukee, Wisconsin. 

Discussion: Dr. Joseph S. Barr, Boston, Massachusetts. 

Dr. H. R. McCarroll, St. Louis, Missouri. 

The Multiple Innervation of Limb Muscles in Man. 

Dr. W. Henry Hollinshead, Durham, North Carolina. (By invitation.) 

Dr. J. E. jMarkee, Durham, North Carolina. (By inidtation.) 

Discussion; Dr. Eben J. Carej', Milwaukee, Wisconsin. 

Dr. R. Plato Schwartz, Rochester, New York. 

Knee Fusion by Three-Flanged Nail. 

Dr. David M. Bosworth, New York, N. Y. 

Discussion: Dr. Allen F. Voshell, Baltimore, Marjdand. 

Dr. E. W. Rj'erson, Chicago, Illinois. 


orning Session 


Tcesd.\y, January 22 


Plastic Operations on the Hip with Special Reference to Results from Arthroplastj'^ with Cups of 
Methjd Methacrylate. 

Dr. Paul H. Harmon, Milton, West Virginia. 

Discussion; Dr. Lenox D. Baker, Durham, North Carolina. 

Dr. M. N. Sraith-Petersen, Boston, Massachusetts. 

Experiences with the Brittain Ischiofemoral Arthrodesis. 

Dr. Joseph A. Freiberg, Cincinnati, Ohio. 

Discussion; Dr. Carl C. Chatterton, St. Paul, Minnesota. 

Dr. Robert A. Knight, Memphis, Tennessee. 

Dr. David M. Bosworth, New York, N. Y. 

Treatment of Congenital Dislocation of the Hip. 

Dr. Edward L. Compere, Chicago, Illinois. 

Dr. WiUiam J. Schnute, Chicago, Illinois. (By invitation.) 

Discussion: Dr. H. R. McCarroll, St. Louis, Missouri. 

Dr. E. W. Ryer.'on, Chicago, Illinois. 
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Mobilization of Metacarpophalangeal Joints — Cupbulotoiny and Arthroplasty, 

Captain Samuel Ji. Fowler, M.C., A.U.S. (By invitation.) 

Discussion: Dr. Sterling Bunnell, San Francisco, California. 

Dr. J. S. Speed, Meniphi.s, Tcnncs.see, 

P.sychological Frohleins Ob.'-erved in Military Orthopaedic Surgery. 

Major J. Vernon Luck, M.C., A.U.S. 

Discussion: Dr. Alan DeFon'sl Smith, New Vork, N. Y. 

JJr. Arthur Sleiudler, low.a City, Iowa. 

Factors Inthuaiciug Callus Formation in Open Fi-Kalion of Fractures. 

Dr. Jean Verbrugge, .Vntwerj), Belgium. (By invitation.) 

Jh’ogress Beport of the Joint Comiiutlee on Postgraduate Training in Orthopaedic Surgery. 

Dr. ilalph K. Clhormley, Uoclu'.sler, Minne.-ota, (’huirtnan. 

AJlcnioon Scssiuii 

Treatment of Compound, ('omminuted Fractures Involving the Elbow Joint by Resection of the 
Fragments. 

Dr. J. T. Nicholson, I’hiladelphia. I’enn.svlvania. 

Discu.ssion: Dr. Jean Verbrugge, Antwerp, Belgium. (By invitation.) 

Restoration of Bone Stiaaigth with Reinforcement Bone Crafts. 

Dr. Ceorge K. Carjjenter, Nashville, 'renne.-.sce. 

Dr. Robert T. Rosenfeld, Highland I’ark, Illinois, (liy invitation.) 

Major Karl F. Mcch, M.C., A.U.S. 

Discu.''sion : Dr. W. W’. Plummer, Bulfalo, New York. 

Colonel Robert II. Kennedy, M.C., A.U.S. 

Reconstruction of D('fects of the 'I’ibia and Fc'inur with .Vpiiosing Massive Crafts from the Affected 
Bone. A Preliminary' Report. 

Major John J. Flanagan, M.C., A.U.S. 

Captain Henry S. Burem, M.C., A.U.S. (By invitation.) 

Di.scu.s,sion : Dr. J. S. Sliced. Memiihi.s, Tennes.sce. 

Dr. James A. Dickson, (’leveland, Ohio. 

Skin-Grafting in the Treatment of Ostcomyoliti.s. 

Lt. Colonel Robert P. Kelly, M.C., A.U.S. (By invitation.) 

Discussion: Dr. Ralph K. Chormley, Rochester, Minne.sota. 

Colonel Leonard T. Peterson, M.C., U. S. Army. 

The Overseas Treatment of Com|)ouiul Fractures of the I>ong Boiu's. 

Dr. George O. Eaton, Baltimore, Maryland. 

Discussion: Dr. Edwin F. Cave, Boston, Massachusetts. 

Dr. W. H. McGaw, Cleveland, Ohio. 


Wednesd.vy, Janu.vuy 23 


M orning Session 

Neurectomy to Produce Atrophy of Amputation Stump. 

Dr. Alfred 0. Adams, Spokane, Wasliington. 

Discussion: Lt. Colonel Clinton L. Compere, M.C., A.U.S. 
Conservation of Short Amputation Stumiis by Utilization of Tendon Section. 
Lt. Colonel Harry C. Blair, M.C., A.U.S. 

Major Harry D. Morris, M.C., A.U.S. 

The Technique of the Syme Amputation. 

Major R. H. Alldredge, M.C., A.U.S. 

Lt. Colonel T. C. Thompson, M.C., A.U.S. 

Discussion: Major Harry C. Morris, M.C., A.U.S. 

Dr. William E. Gallie, Toronto, Ontario, Canada. 


A Five-Point Plan for the Rehabilitation of the Arm Amputee. 
Captain H. H. Kessler, M.C., U.S.N.R. 

Discussion: Dr. Harold Conn, Akron, Ohio. 

Lt. Colonel Ernest E. Myers, M.C., A.U.S. 


ifternoon Session 

Disability Evaluation for the Hand. 

Major Donald B. Slocum, M.C., A.U.S. 
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Captain Donald R. Pratt, M.C., A.U5. 

Discussion: Major L. D. Howard, M.C., A.UH. 

Dr. Earl D. McBride, Oklahoma City, Oklahoma. 

The Use of Cellophane in Reconstructive Orthopaedic Surgery. 

Dr. Duncan C. McKeever, Houston, Texas. 

Discussion: Major Louis W. Breck, M.C., A.UH. 

Dr. Philip Lewin, Chicago, Illinois. 

Transplantation of Tendons through Preformed Gliding Channels. 

Major J. E. Milgram, M.C., A.UH. 

Discui=.don: Dr. Robert D. Schroek, Omaha, Nebraska. 

Dr. Leo Mayer, New A’ork, N. Y. 

The Repair of Knee Ligaments by Cutis-Graft Transplants. 

Dr. Randolph L. Anderson, Cliarleston, West Virginia. 

Discussion: Dr. H. Page Mauck, Richmond, Virginia. 

Dr. Emil D. W. Hauser, Chicago, Illinois. 

Semidelayed Bone Graft for Subcapital Fractures of the Hip. 

Dr. .A.rch F. O’Donoghue, Sioux City, Iowa. 

Dr. Edmund S. Donohue, Sioux City, Iowa. (By invitation.) 

Discussion: Dr. Walter P. Blount, Milwaukee, AVisconsin. 

Dr. Austin T. Moore, Columbia, South Carohna. 

The .Annual Dinner, at which President Mumford presided and delivered his Presidential .Address, 
was lield Tuesday evening, January 22. Part of the program for the evening consisted of the announce- 
ment of the scientific exhibits meriting awards and certificates, as follows: 

Gold-Medal Awards 

For Originality of Presentation; to the Medical Officers of Camp Carson, Colorado; Title of 
exhibit, “Trench Foot”. 

For Scientific A’'alue; to Dr. John Lyford, III, and Dr. Robert W. Johnson, Jr., Baltimore, Mary- 
land; Title of e.xhibit, “Granuloma Inguinale as a Cause of .Arthritis and Osteomj'eUtis”. 

For Clinical Value; to Dr. Charles J. Basile, Dr. William L. AValdrop, Dr. .Allen F. A^oshell, and 
Dr. Moses Gellman, Baltimore, Maryland; Title of exhibit, “Subtalar .Arthrorisis for 
Certain Types of Flat-Foot”. 

Honorable Mention 

For Originality of Presentation; to Dr. H. H. A’oung and Dr. Ralph K. Ghormley, Rochester, 
Mirmesota; Title of exliibit, “Injuries Due to Farm .Accidents”. 

For Scientific Value; to Major J. E. Milgram, M.C., .A.UB.; Title of exhibit, “Operative Cre- 
ation of New Gliding Chaimels for Muscle Bellies and Tendons”. 

For Clinical Value; to Commander Edward H. Crosby, M.C., US.N.R.; Title of exhibit, “.A New 
Surgical Procedure for Repair of Recurrent Dislocation of the Shoulder”. 

Honorable Mention for "Gadgets and .V ew Ideas” 

To Dr. George Dawson, Florence, South Carolina, lor his “Motor-Driven Screw-Holder-Screw- 
Driver”. 

To Dr. J. Warren AA’hite, Greemdlle, South Carolina, for his “Shelf-Bracket Well-Leg Traction”. 
To Dr. Robert T. Schrock, Omaha, Nebraska, for his “Skeletal Neck Brace”. 

To Dr. G. Mos ser Taylor and Dr. .Alonzo J. Neiifeld, Los .Angeles, California, for their “Fe- 
moral Nail Plate”, “Special Retractor for Spinal Surgery”, and “Method of Inserting 
Skeletal Traction to the Fingers”. 


Newly elected Fellows presented at the Meeting were: 

Dr. John Hamilton .Allan, Philadelphia, Pennsjdvania 
Dr. George Guj' Bailey, Boston, Massachu.setts 
Dr. Dorsey K. Bames, Dallas, Texas 
Dr. Henrj' Hilliard Beckering, Dallas, Texas 
Dr. Carl Berg, Washington, D. C. 

Dr. William Harold Bickel, Rochester, Minnesota 
Dr. John Robert Black, Los .Angeles. California 
; -Arthur Irving Blieden, New A'ork, N. A'. 

Dr. F. Bert Brown, Savannah, Georgia 
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Dr, Theodore Waggoner Jiy'vater.s, Dalla.s, Texa-s 

Dr. Gene D. Caldwell, Slirevejjort,, Loiiibiaiui 

Dr. Lewis N. Cozen, Los Angeles, California 

Dr. Burr Ilanling Curlis, Hartford, Coimeeticut 

Dr. George lioherL Daw.son, .Jr., Florence, .South Carolina 

Dr. Ernst Dohne, Wilmette, Illinois 

Dr. George Lane Dixon, Tucson, Arizona 

Dr. Francis Harold Downing, Fre.-'iio, California 

Dr. Louis Henry Fdmunds, .Seattle, Washington 

Dr. Norton Sheldon Freedman, Halo Key, Fuerto Rico 

Dr. Charles W. GolT, ILarlford, ('onneelicut 

Dr. Malcolm B. Ihuhh’ii, Berkeley, California 

Dr. A. Scott Hamilton, Monroe, Louisiana 

Dr. Clement Richard Hanlon, Bethlehem, Pennsylvania 

Dr. S. Sverre Houkom, Duluth, iMinnesOta 

Dr. Robert Tasker Humphries, Clarksburg, West Virginia 

Dr. Lewis L. Huston, Longmeadow, Ma.'sachu.selts 

Dr. John B. Kelley, Worcester, Ma.-.-'achusetts 

Dr. Robert Allen Knight, Memijhis, Tenne.-.-ee 

Dr. Lawrence Robc'rt Leiilig, .Santa Alonica, California 

Dr. Paul Rogers Liiiscomb, Rochester, Minnesota 

Dr. James L 3 ’tton-Smith, Phoenix, Arizona 

Dr. John Laing iMcDonald, Toronto, Ontario, Canada 

Dr. Robert Tall)ut JiIcFJvenn.v, Chicago, Illinois 

Dr. Paul B. Magnuson, Chicago, Illinois 

Dr. Eugene James Morrissci', Bethlehem, Penns 3 'lvania 

Dr. Robert M. O’Brien, St. Loui.s, Mi.s.-ouri 

Dr. Robert Thornton Percival, Forest IlilLs, New York 

Dr. Thomas H. Peterson, Boston, Ma.'.sichusclts 

Dr. Robert R. Rix, Manchester, New Hampshire 

Dr. Poter-Cyrus L. Rizzo. Cambridge, Ohio 

Dr. Harold H. Sanke^*, Pittsburgh, Pennsylvania 

Dr. L. Stanlej' Sell, Oklahoma Cit.v, Oklahoma 

Dr. Mario E. Stella, New York, N. Y. 

Dr. Clyde Beverly Trees, Dallas, Te.xas 
Dr. Harold Unger, Kansas Cit^', Missouri 
Dr. Frederick H. Vom Saal, New York, N. Y. 

Dr. Riche}’’ L. Waugh, Boston, Massachusetts 
Dr. Herman Leslie Wenger, New York, N. Y. 

Dr. Jean Verbrugge, of Antwerp, Belgium, was elected Corresponding Member. 

The First Executive Session was held at noon on Monda}’. At the Second Executive Session, held 
at noon on Wednesday, new officers and committee members for the year were elected. 

The new officers of The Academy are : 

President : Dr. J. E. M. Thomson, Lincoln, Nebraska 
President-Elect; Dr. Rex L. Diveley, Kansas City, Missouri 
Vice-President: Dr. Mather Cleveland, New York, N. Y. 

Secretary: Dr. Myron 0. Henry, Minneapolis, Minnesota 
Treasurer: Dr. Fremont A. Chandler, Chicago, Illinois 
Librarian-Historian: Dr. Edward L. Compere, Chicago, Illinois 

The Fourteenth Annual Convention will be held in Chicago, in January 1947. 
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Extensile Exposure Applied to Limb Surgery. Arnold K. Henry, M.B., Dublin; M.Ch. (Hon.), Cairo; 

F.R.CE.I. Edinburgh, E. and S. Livingstone Ltd.; Baltimore, The Williams and Wilkins Company, 

1045. S7.Q0. 

In this book of ISO page.s, illu.stratcd with skill and care, Hemy not only describes the surgical 
e.\posures by which extremity operations may be performed, but elucidates the philosophj^ underl3’ing 
physiological dissection hy the surgeon in reaching a given region. In addition, the approaches are so 
conceived that they maj' rcadil.v be extended (hence “extensile”), while at the same time there is maxi- 
mum (and adequate) provision for safetj’ against inadvertent surgical damage to important structures. 
The approaches, conceived with originalitj’ and a perspective based on profound knowledge of anatom3', 
are of proven worth, and apjiear in book form after modification under the stress of use in man3' lands 
b3' man3’ surgeons with varying degrees of skill and experience. 

Some of the approaches the author has described in a previous book, long a classic, (Exposures of 
Long Bones and Other Surgical Methods, New York. AVilliam Wood and Compan3', 1927). Valuable as 
is the earlier work, the present volume is so much more lucid that it is in truth a new and difierent book. 

The work can scarcel3’ be recommended too highl3'. It is hard to see how one can do the best ortho- 
paedic operating without a knowledge of its contents. 

Hey Groves’ Synopsis of Surgery. Edited b3' Cecil P. G. Wakele3', CfB., DBc., F.R.CB., FJlSiE.. 

F.A.CB., FfR.A.CB. Ed. 12. Bristol, John Wright & Sons, Ltd.; Baltimore, The Williams and Wil- 
kins Compan3', 1945. S6.00. 

In 1908 the great British surgeon, Ernest W. Hey Groves, edited “S3mopsis of Surgei:3'”. In the 
preface to the first edition, he tvrote; 

“The present volume is an attempt to make an epitome of the salient facts in surgical practice, and to 
place these facts in such a manner that they may most easib' and rapidly be referred to or revised. It has 
been compiled almost entireb' from notes made by the author in preparing students for e.xaminations. 

“It is of course obvious that the large works cannot be dispensed with ; but after a student has 
carefully read through a complete text-book, which ought to be done at the time he is actually engaged 
in ward and out-patient work, he may find this Sviiopsis an aid to his memor3' in retaining a vast arra3' 
of facts in an orderb' manner.” 

Not only the student, but also the bus3' practitioner has found this S3'nopsis a compendium of 
knowledge of surgical diagnosis and treatment and of practical value because of its concise form and 
methodical arrangement. 

Periodically, the S3-nopsis has been thoroughb' revised ; the twelfth edition was almost completed at 
tlie time of Mr. Hey Groves’ death. The work was taken up and completed b3' his friend, Cecil P. G. 
Wakeley. 

This edition represents a careful and thorough rer-ision. The inclusion of penicillin and the sulfona- 
mides has nece.«sitated a complete rewriting of several chapters. Man3' new developments in surgical 
technique are presented in this latest edition. 

It is to be hoped that new editions of the work will continue to appear from time to time. 

SuRGic.rL Tre.\tmext of the MoTOR-SKELET.rL Syste.m. Frederic W. Bancroft, A3., MJD., F.A.C3., and 

Clay Ray Murray, AI.D., FA..CS., Editors. Philadelphia, London, and Montreal, J. B. Lippincott 

Company, 1945. S20 a set (two volumes). 

The broad subject of surgical treatment is dealt with in this two-volume publication from the point 
of view of presenting an up-to-date picture of operations involving the motor-skeletal s3-stem. The 
^scope of the work is not limited to surgictil technique, however, but includes a discussion of the indica- 
tions for operation, the postoperative treatment, and the prognosis. .Vltemative operative procedures 
arc described for certain conditions. 

Part I deals with congenital and acquired deformities; parafvtic disorders; affections of back, 
muscles, fasciae, tendons, bursae, and ganglia: new growths; disea.-^es of bone.s and joints; and amputa- 
tions. Part II includes fractures and dislocations; sprains, sprain-fractures, muscle and tendon injuries; 
birth injuries of the motor-skeletal S3-stem ; and military- surgery. 

The work represents the combined efforts of forty-three authors, each of whom has contributed a 
chapter or section. If the statements of an author are incomplete or deal with controversial .subjects, 
amplifications and comments are often interpolated by the editors. This author-editor relationship, in 
it.s collaborative effect, adds materialb' to the value of the work. 

-■V short list of references follows each- section, but the books are intended for general u.-e rather than 
as reference volumes. 
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Tub 19‘15 Ykau Book ob iNDUs-ruiAt, and Outiioi*i;i)ic Sunci;in'. Cliarics F. Painter, M.D., Editor. Chicago 

The Year Boole Pul)li:<hcr.s, BMC). S3.00. 

The value of a year l)oolc ilciieiul.s primarily upon the wi.sdom with which the material is selected 
The careful choice of arlicle.s on orlho])ae(lic -subjecl.s by the Idditor and the e.xcellent abstracts of th( 
articles combine to make this book of value, especially to tho.'e who have not been able to follow thi 
current literature in the (itdd. It gives a clear .summary of the imiiortant developments during the ycai 
in the field of orthopaedic .surgery. 

The last .section is devoted to a re.sume of the literature on indu.strial medicine and surgery. In thh 
section have been emphasized some of the health hazards introduced by war. 

Du. W. C. Boxtcbn. Otto Glas.-'cr. Ph.D. SsiwingfieUl, Illinoi.s, Charles C. Thomas, 1945. .$4.50. 

Under tlu' combined spon.'-oiship of tin* American Iloenigen Hay Society, tin' Radiological Socictj 
of North America, and the Anu'rican Colleg*' of Radiology, this book ai)pcared in 1945 — which is boti: 
the hundredth annivor.siry of Biinigen’s birth and the fiftieth anniver.siry of his di.-covery of roentger 
ray.s — as a condensation ot Dr. (lla.''.■'er’s compr(>ll('n.•^ive Wilhchii Conrad Roul/jcn and The Early His- 
lory oj lltc Rocnlycn Rays, publi.slu'd in 1934. Tlie origin:il work was develojied l)y Dr..Gla.s.>er with the 
authorit}' born of native undf'rstanding, ('duc.alion, and exhaustive care in preparation, as well as hh 
unusual access to most important mate'rial. 'I’liis .'•mailer book is exceedingly readable; it consists of 
delightful biography, a chronological .••urvey of Relnigen's life and achicvement.s, the translation of his 
classic Conininnicalions, and .•-ome interesting new illustralieni.s. Both profe.-'sional and lay readers will 
find enjoyment and benefit in learning aiu'w of this memorable man, one of the greatest physicists the 
world has known, who has done much to lighten the ills of the human race by helping to make the 
practice of medicine a science as well .'is an art. 

Men Without Gu.ns. DeWitt Mackenzie', ^'oreword by Major General Xornnin T. Kirk, M.C. Pliila- 

delphia and Toronto, The Blakiston Company, 1915. .$5.00. 

In "Men Without Gun.s” are grouped more than a hundred reproductions of paintings by twelve 
distinguished artists who were' eissigneel to elilTerent theaters of the War. Their purpose was to give to 
people at home an account of how the he'allh of thi'ir be)ys in various zones of conflict was being safe- 
guarded and of how the wouneled wore ceireel for. 

The paintings they proehiceel eliel more than thiit; they were a record of the work of the Army 
Medical Department in many hinds. They arc not in any sense a history of Army medicine, but rather 
the artists’ impressions of what they .-Jaw under all conditions of war. They pay high tribute to the 
corpsman and to the Arnyv nurse, as well as to the doctors in all links of the chain of the Arm}’’ program, 
from the battalion aid station through the clearing station, the evacuation hospital, the general hospital, 
the embarkation hospital, hospital plane or hospital ship, the debarkation hospital, and finally the 
general hospital at home. 

The text is an interesting account of experiences on the different fronts — the Southwest Pacific, 
Italy, Normandy, and Burma. It is written for the layman, not the medical man. However, the book 
will be remembered primarily for the reproductions of great paintings, which faithfully portray the work 
of the Medical Corps. 

In his foreword. Surgeon General Norman T. Kirk saitl: “No artist ever had a more worthy subject 
for his brush than did the twelve distingui.shed painter.s whose canvases on Army Medicine are repro- 
duced in this volume. 

“Unequivocally and without fear of contradiction, I sa}'- with pride and reverence that one of the 
greatest contributions to victory has been made by the doctors, nurses, and enlisted men of the Army 
Medical Department. Without their tireless devotion to duty, their courage and complete disregard for 
self-safety, the Medical Department would not bo able to point today to a record of achievement 
unmatched in the long history of warfare.” 

End-Results in the Treatment of Hi’PERP.uaTHYnoiDisM. Roy D. McClure and Conrad R. Lam. 

Annals of Surgery, 121; 454-469, 1945. n, 

In this small series are examples of all clinical types of hyperparathyroidism: classic von Reckling- 
hausen’s disease; osteoporosis, with and without renal stones; renal stones alone; and a type which has 
been called acute parathyroid poisoning. Only one of the six patients did not have surgical treatment, 
and he died with acute parathyroid intoxication. Adenomata were removed from the other five patients. 
One died four months later in an hypoparathyroid state. The four remaining patients hai'e now been 
followed for periods ranging from four to eight years, and they appear to be normal . — Paid P. Swell, 
M.D., Bloomfield, Conneeticut. 

Intervertebral Disk Lesions Are the Most Common Cause of Low Back Pain With or Without 

Sciatica. J. Albert Key. Annals oj Surgery, 121: 534-544, 1945. 

With customary forthrightness, the author sets forth the thesis that “The conditions which we haves 
called low back strains and classified as idiopathic low back pain are lesions of the intervertebral disks" 
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in this area.” It is pointed out that the operatire cure of di^c lesions is an elective major surgical pro- 
cedure ^\hich should not be undertaken lightly. Instead, it must be recognized that the surgeon’s duty is 
to relie\o the patient’s symptoms in the simplest and safest manner. If consen-ative means fail, the 
surgeon can lesort to operati\e lemoval of the disc with leasonable assurance of success. 

The article is pro\ocativo and contro\ er.-ial, but it clearly sets forth the present tyews of a com- 
petent surgeon concerning a subject of great clinical importance. — Paul P. Swell, M.D , Bloomfield, 
Conncclicul. 

Qu IDBICEPSPL-ISTY. .T. Campbell Thompson. Annals of Surgery, 121 751-755, 1945. 

This procedure rests upon the sound basis that the function of a tendon depends upon the absence 
of scarring between the tendon and the surrounding structures. In the operation to restore fle\ion to the 
knee, the joint is forcibly fle\ed to 90 degrees without lengthening the rectus femoris muscle. If either 
of the vastus muscles is badly scarred, it is isolated and removed from the rectus b 3 ' making a new 
intermuscular septum of soft tissues. The intact rectus lemons permits early motion and an earh- re- 
sumption of full, acti\ e extension. In selected cases, this procedure has certain advantages o\ er Bennett’s 
original operation for quadriceps lengthening — Paul P. Swell, M D , Bloomfield, Conneclicul. 

Bone Sircomv in Polx'ostotic Fibrous Dvsplisix. Bradlej’ L Coley and Fred Stewart. Annals of 
Surgery, 121: S72-.SS1, 1945. 

So far as is known, this is the first report of the occurrence of malignant disease resultmg from 
fibrous dysplasia of bone. Since this sjmdrome is being recogmzed with increasing frequencj’. the possi- 
bihty of the late appear.ance of bone sarcoma is important It is concluded on the basis of two carefulty 
ob served cases that polj’ostotic fibrous dj'splasia is one of a group of bone diseases m which malignant 
tumors occasionalh’ develop. The histological appearance was identical, the pattern was non-bone- 
forming pleomorphic spindle-cell and giant-cell tumors. Metastases weie apparentty produced m both 
cases. The response to radiotherapy was marked bj' unusual and unexpected rehef from pain and bj'- 
some exidence of bone regeneration — Paul P Swell, M D , Bloomfield, Conneclicul 

Trxumxtic OsTEOxn-ELiTis . The Use of Skin GRxrrs— Part I Technic \nd Results Robert P. Kelly, 
Louis M. Rosati, and Robert A. Murraj' Annals of Surgery, 122 1-11, 1945. 

These authors report on the satisfactorj' use of skin-grafting m the treatment of osteomj'elitis The 
technique is fullx- described. Emphasis is given to the need for a thorough prehmmaiy saucenzation and 
the equal need for applying the grafts so that compression can be distributed eienty to all of them On 
the basis of approximately 100 cases treated bx' the method desenbed, it is beliex ed that this is a safe 
form of treatment and that it will give beneficial results in the majority of instances While occasional 
reports of the successful use of skin grafts in the treatment of osteomyelitis ha\ e appeared m the litera- 
ture for many years, the method has not received wide use The authors hope that this encouraging 
report will stimulate others to appty this treatment — Paul P Swell, M D , Bloomfield, Conneclicul 

Mono-Articulvr Osteo-.Arthritis of the Hip Tuevtmfnt bv .4cid Injection W Giant Waugh. 

Bnlnh Medical Journal, 1 S73-874, 1945 

Over a nme- 3 mar period, the author has emplo 3 -ed mtra-artitular acid injection in the treatment 
of over 1,200 cases of vanous types of arthritis, including osteo-arthntis, traumatic aithntis, “meno- 
pausal” arthntis, and rheumatoid arthritis m the stage of lesidual deformity, with the idea of reducing 
alkalinity of the S3novial fluid .4.1though statistics are lacking, he estimates that over 70 per cent of 
the patients have been relieved of pain and have sufficient re-toration of function to permit normal 
occupation 

He tried the same form of treatment m eases of raono-articular arthntis of the hip joint, which had 
previousty proved resistant to most forms of therapv Of 142 cases examined b 3 - the author, lOS have 
been tieated by weekly injections into the joint of from 15 to 20 cubic centimeters of a solution of lactic 
acid (pH oS), together with procaine This was followed b 3 - gradual manipulation and exercises, without 
^^v eight-bearing Follow-up results were obtained in onty twenty-six of the patients, of this group, 
between 50 and 60 pei cent are able to carr 3 ' on their noimal occupations 

Loss of joint space, indicating extreme destruction of the articular cartilage, is the chief contra- 
indication to this form of treatment. 

XxLON Bone Suture. M. John Rowe Surgery, 18" 764—768, 1945. 

X3lon Is a strong, inert, semi-elastic, non-organic, radiolucent suture material which has been found 
be well tolerated by the tissues. Rowe reports Eatisfactor 3 ’ results with the Use of n 3 don bone sutures 
these sutures have been used successfully m the repair of acromioclavicular separations, hallux valgu-, 
and fractured patellae; as intertarsal sutures following reconstruction operations; and in the maintenance 
of position of loose fragments in compound fractures of the long bones — Edward L. Compere. M D , 

» Chicago, Illinois. 
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HoBN'rr.KNOOUAlUUC INTKUI'IIBTATION OB WlIAT CoNSTITUTlvS AdkcjUATK IIkdUCTION OB FkMOUAL NeCK 

Fuactuhes. llobcrt T. iMflOlvonny. Siuficry, GijnccoUxjy, and ObsLcLrica, 80: 97-lOG, 1915. 

Tlic iuitlior liiis evaluated from Ids own oxperienec various ways of dealirif; witli iritracap.- 3 ular frac 
Lures of the liij). Certain facts liave l)een ol)taine(l from Ids study of failures, and tlicse facts arc used ir 
formulating criteria of roenlgenograiihic interpretation at the time of reduction and nailing of fractures 
All failures have occurred in hips which have been reduced imperfectly,— that is, the neck fragment ha; 
not been jilaced well under and well inside the head fragment. McElvenny feels that accurate placemeni 
is absolutely necessary in order th.at li.xation may act as a guide to allow the head to settle on the necli 
in a position in which the weight thrust is applied directly to the fracture .site, without shearing or torsion 
forces being e.xcrted on the li.x.alion materi.al.— CV/rro/l li. Lamon, M.D., Boston, Massacliusclls. 


Hai'Id Rebaiu ob Debect OB Fe.muu nv Massive Hone CiiiArrs ai-teu Resection boh Tu.moiis. Dallas B, 

Rhendster. Suryery, Gynccotoyy, and Obstetrics, 80: 120-127, 1915. 

By means of bone-grafting, amputation was avoided in two ca.-es of locally re.-ected bone tumors of 
the lower end of the fenuir. Two tibial grafts, each between two-fifths anil one-half the circumference 
of the shaft and from .'^even to cloven inches in length, were used to bridge the defect. The grafts were 
|iart onlay and part intramedullary, with ti.xation by threaded wires at each end. Firm bony union was 
obtained in about twelve weeks in one case and in five months in the other ca.se. .-Vt the end of three 
and one-half j’ear.s, both grafts had been transformed into tubular bone. — Carroll B. Larson, M.D., Bos- 
ton, Massachusetts. 


.•VsEi’Tic Neckosis ob the Cai’itae Fe.mohae Hi’II'iivsis Foi,i.owi.n(: Aijoeescent Ebibhyseolysis. Robert D. 
Moore. Suryery, Gynecoloyy, and Obstetrics, 80: 199-201, 1915. 


Moore reviews the literature dealing with dcscriiitions of femoral epiiihyscal pathological lesions 
and gives a detailed account of the macroscopic and microscopic findings in two cases of slipped femoral 
epiphysis. The article is a imrely descriptive recording and olTers no new explanation as to cause. 

This paper may be summarized brielly, as follows: After interru|)tion of the blood supply to the 
epiphysis in adolescents, the overlying articular cartilage may remain viable or may undergo partial or 
complete necrosis. In cither case, sub.'.cquent degenerative and reparative changes apparently result in 
reduction of the dejith of the articular cartilage, as occurs in the adult with aseptic necrosis of the head, 
following fracture of the neck of the femur. This is in contrast to the changes seen in Legg-Perthes 
disease, where rapid growth of the living articular cartilage compensates for any absorption or ossification 
of the cartilage which takes place after reva.scularizatiou of the ossification center. Under these circum- 
stances, the depth of the articular cartilage usually increases. — Can-oil B. Larson, M.D., Boston, Massa- 
chusetts. 
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The Bethesdan (Cincinnati, Ohio), 46: No. 4, 1945. 

Boletim do Sanatorio Sao Lucas (Sao Paulo, Brasil), 7: Nos. 3, 4, 5, e G, 1945. 

Boletin del Colegio Medico de la Habana (Cuba), 8: Niim. 12, 1945 ; 9: Niim. 1, 1946. 
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United States Public Health Service (Washington, D. C.), Public Health Bulletin No. 291: “A Medi- 
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THE TECHNIQUE OF THE SYME AMPUTATION 

BY LIEUTEX.\XT COLOXEL RUFUS H. ALLDREDGE AXD 
LIEUTEX'-AXT COLOXEL T. CAMPBELL THOMPSON 
Medical Corps, Army of the bniled States 

The merits of the Syme amputation, first described over a hundred years ago, have 
been debated more than those of any other major amputation. This operation, althougi 
well known, w'as not employed very widely in this country prim to Y or ^ j 

use of it was made in World War I on American wounded, and there n ere very ew goo 
results. Although some American surgeons have recognized its value and have advocate 
it consistently, most of them have not made full use of it for various reasons, e mos im 
portant of which has been fear of unsatisfactory end results. „ . . , , r 

The Syme amputation was employed rather extensively by the British and Canadians 
in World War I. The follow-up on the British cases at the Amputation Center of the Min- 
istry of Pensions at Roehauipton, England, has shown the results to be so un avora e a 
H.the surgeons and limb-fitting surgeons there have condemned the operation completely. 
They have stated that the chief cause of failure was imperfect stumps, which resulted 

f from sm’gery done in the presence of, or too soon after, sepsis. ^ 

Among the Canadians, on the other hand, many good Syme amputations were done in 
World War I; and many Canadian surgeons strongly advocate the operation, whenever it 
is indicated. 

At the beginning of World War II, the authors had had very little experience with the 
Syme amputation, but soon began performing it on carefully selecte pa len s, noun e 
in the War. The immediate results were so encouraging that the operation was soon per- 
formed without hesitation in any case in which it was definitely in ica e . even y ^e 
Syme amputations have now been performed by the authors during t e pas j ears in 

the Army. The fundamentals of the technique described here have been follow'ed on a 
cases from the beginning; but minor changes and improvements have ^n ma ® 
to time, until the operative technique now used has been developed. Because the proper 
'■»S6lection of cases and the after-care are just as important as the operative technique an 
have such important bearing on the results, these phases are also iscusse • 

- The purpose of this paper is to present the methods employed and the technique found 
to be useful in obtaining satisfactory results in a very high percentage of Syme ampu- 
tations. 

advaxtages 

The Syme amputation has definite advantages over amputations below the knee and 
over most short foot amputations, which often produce poor functional results. The S> me 

* * Read at the Annual Meeting of The American -Academy of Orthopaedic Surgeons, Ciucago, lUi- 

nois, January 23, 1946. 
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inothocl is liir niuro conservative and the linil) is better functionally than with an amputa- 
tion below the knee. Patients having good .Synie amputations arc truly appreciative of 
the conservatism elected for them, and no case i.s known in which the patient would prefer 
to have had any other type of amputation, 'fhe Syme operation offers the best majof* 
amputation oi the lower e.xtremity in that the longer stump gives better leverage; and it is 
capable ol lull end-bearing, with or without a prosthesis. This factor is definitely of value 
in walking about the house. Psychologically, the Syme amputation is preferable to ampu- 
tation below the knee, because the patient comsiders himself merely inconvenienced and 
not really handicajiped. In bilateral amputation of the lower limb, a double Syme ampu- 
tation is lar prelerable to a double below-the-knee amputation, because the patient can 
walk with a better gait and can stand longer. The Syme prosthesis does not extend above 
the knee; hence there is no necessity f(»r a pelvic belt for suspension of the limb. If a 
double Syme amputation is impo.ssible, one is always highly desirable in combination with 
an amputation below or above the knee, i)ecause the patient can protect the stump whicb 


is not end-bearing from too much use by relying primarily on the extremity with the Syme 
amputation lor locomotion and iirolonged standing. The authors have had personal e.x- 
perience with eight jiaiients, each of whom had a Syme amjmtation on one side and a 
below-the-knee aminitation on the other side; all iirefer the Syme amputation to the below- 
the-knee type. Some of these patients have worn their prostheses for over a year. Patients 
in a large Aminitation Center, where good results from the Syme operations are plentiful, 
prefer the Syme amputation to the below-the-knee tyiie, as well as to most short amputa- 
tions of the foot. Contrary to the generally accepted view, the Syme stump is simpler to 
fit with a prosthesis than a below-the-knee stump, and the prosthesis does not require as 
many adjustments after it has been fitted. The reason for this is that the Syme stump is 
fully end-bearing, and the socket does not have to be fitted as accurately to transmit the 
body weight through the soft skin of the leg as in the average below-the-knee prosthesis. 

The Syme amputation also has many advantages over amputations through the foot, 
which arc too short for good function. When the metatarsals have been lost, the body 
weight has to be borne by the heel and what is left of the fore part of the foot. Frequently j 
there is muscle imbalance, which results in the strong and improperly opposed group of 
calf muscles pulling the foot into fixed cquinus. This lifts the heel and lowers the end ofi 
the foot stump so that the heel no longer takes its share of the weight, while the end of the 
foot stump (which is often scarred) is forced to take more than its share of weight. This 
results in weight-bearing on one small point on the end of the stump, which becomes cal- 
loused and later breaks down. If the end of the stump happens to be scarred, it breaks 
doAvn without callus formation. 

In the Syme amputation the normal tough plantar skin of the heel is brought forward 
directly beneath the end of the tibia, where the weight of the entire body is transmitted 
into the socket of the prosthesis, without any friction against scarred areas. The Syme 
prosthesis is simpler to fit than any prosthesis which has yet been developed for the 
Chopart type of amputation. Patients who have had a Syme amputation have a better 
gait and far less pain and discomfort than patients with poorly functioning short foot 
stumps. The stump resulting from the Syme amputation is preferable to any short fodv 
stump, which cannot be made, by surgery and proper fitting, to provide good function from 
the standpoint of locomotion and weight-bearing. The Syme amputation is the only 
amputation recommended at the ankle joint, and is preferable to any of its modifications, 


including the Pirogoff amputation. 


DISADVANTAGES 

It is unfortunate that, where amputations of the lower extremity are necessary, the^\ 
Syme amputation cannot be used oftener. Approximately 2 per cent, of American Armj 

i 
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amputees from lA’orkl IVar II have had the Syme amputation. This percentage seems low, 
but it is greater than that for several other sites of amputation, — such as the hip, knee, 
wrist, elbow, and shoulder joints. The low percentage of Sjune amputations should in no 
way minimize the value and importance of the operation, as the number will increase with 
more widespread recognition of its merits. 

The Syme amputation requires greater skill on the part of the sm'geon in the proper 
selection of cases, the operative technique, and the postoperative care than any other 
amputation. The results, however, improve with the e.xperience of the sm’geon. Generally 
speaking, the Syme amputation requires a longer period from operation to limb-fitting 
than the below-the-knee amputation, but frequentty the stump is ready for final fitting 
just as early as a below-the-knee stump. The bulbous ankle has often been criticized; but, 
in the authors’ e.xperience, men do not mind this, although it may be objectionable to young 
women. Unless the results from the Syme amputation are good — that is, the stump is 
capable of full end-bearing, it is well healed, has a minimum of scar, and is not tender or 
painful — amputation below the knee is preferable. 

CONTRA-INDIC.XTIONS 

The Sj'ine amputation should never be emplo3'ed as a primai’j’^ procedure after war 
injuries or in cases where the surgeon cannot property supervise the postoperative care. 
If open wounds have been present — particularty an open amputation of the foot, as in war 
casualties — the operation should not be performed until the wounds are either clean or 
healed. Complete preoperative wound healing is not necessarj' for good results in e.xperi- 
enced liands, but it is usualty desirable and maj’ be attained earty bj" temporai-j^ skin- 
gi’afting. In the presence of open wounds, the operation should not be done until the cul- 
tures are sterile. The Syme amputation should not be performed, after the ligation of the 
major vessels, until sufficient time has elapsed for good collateral circulation to develop. 

The Syme amputation should never be performed upon diabetic patients nor in the 
presence of peripheral vascular diseases, such as thrombo-angiitis obliterans or arterio- 
sclerosis. Spina bifida and loss of sensation in the heel from injurj^ or disease of the 
peripheral or central nervous sj'stem constitute clear contra-indications. The amputation 
should be performed onlj’^ in cases in which there is enough plantar skin, with a good nerve 
and blood supply beneath the heel, to provide a weight-bearing covering over the cut ends 
of the tibia and fibula. 


INDIC.ATIONS 

The Syme amputation is always preferable to amputation at a higher level, if done 
under the proper circumstances and if not contra-indicated in the individual case. Its 
greatest field of usefulness is in young men, who are otherwise in good general phj'sical 
and mental condition, but who have suffered the traumatic loss of the gi’eater part of the 
foot, so that the remaining stump cannot be made satisfactory for weight-bearing and 
locomotion either by surgery or by proper limb-fitting. IThere there has been partial loss 
of the foot, together with a compound fracture or extensive loss of skin and soft tissue in 
the upper third of the leg, it is impossible to get a good below-the-knee stump ; and in such 
a case amputation above the knee is the only alternative to the Sjnne amputation. These 
leg wounds maj’^ be treated as though the foot had not been lost, and the Syme amputation 
can be performed after the wounds have healed. Severe fractures in the region of the ankle 
and the lower third of the tibia and fibula are not uncommon in patients who have also 
lost most of the foot. Here, too, the fractures are treated until there is solid union; after 
this the Sjune amputation may be performed, without regard to the presence of the frac- 
tm’e. Shortening of the limb from fractures above or below the knee can usualty be dis- 
regarded, as the length can easily be compensated for in the fitting of the prosthesis. A 
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Fia. 1 Fia. 2 

Fig. 1 : Tlie line of inciaion for tlie Syinc amputation. 

Fig. 2: .-1: All boft-ti-'-aiic atnicturea aic diviilctl in the line of the skin incision, down to the 
bone. The ankle is dislocated forward by cutting the talofibular and calcaneofibular ligaments 
from the inside of each malleolus. B : In sliort foot slumps the bone hook is then inserted into 
the talus to facilitate pulling the parts forward, while the calcaneus is dissected e-Ktraperiosteally 
out of the heel flap. 



iPERONEUS BfttVlS 
aPtRONEUS LONG , 
2 NERVE. / 

hEXT digitorum long/ 

5 ANT TIBIAL I 

6 EXT HALLUCIb LONGV 




7 SAPHENOUS VEIN 
3 POST TIBIAL TENDON 
HFLEX DIGITORUN LONG 
loMED PLANTAR NERVE 
nLAT PLANTAR NERVE 
nPLEX HALLUtiS LONG 


Fig. 3 

Fig. 3 : A\ After the calcaneus has been dissected 
out extraperiosteally, the malleoli are exposed and 
sawed off. B\ The saw line is placed as far distally 
as possible, and usually some of the articular carti- 
lage on the end of the tibia is left. (See Fig. 4, A.) 

* Superficial peroneal nerve. 


good Syme amputation may be done if as 
little as one inch of good plantar skin is 
left on the heel. It may be performed for 
loss of the fore part of the foot, due to 
frostbite, trench foot, freezing, or any com- 
bination of these injuries, provided, first, 
that sufficient time has elapsed for the local 
circulation to be reestablished and, sec- 
ond, that persistent tenderness is not pres- 
ent in the soft-tissue covering of the heel, 
which is to be used for the end-bearing 
flap. It may also be used advantageously 
in certain cases of unilateral and bilateral 
congenital deformity, with marked short- 
ening and disability. 

PREOPERATIVE CARE 

Proper selection of cases for the Syme 
amputation and judicious timing of the 
operation are the two most important pre- 
operative considerations. When done after 
trauma, the extremity should be surgically 
and bacteriologically cleaner than for any 
other amputation. Temporary skin-graft- 


ing may shorten the period before operation, but is not always necessary. Roentgenograms 
should be taken in all cases, because unsuspected skeletal injuries frequently exist, par- 
‘ ticularly in war injuries. If oedema is present, it should be relieved by bed rest, elevation, 
wrapping, and, if necessary, by novocaine block of the sympathetic trunk. In patients 
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Fig. 4 : A'. All tendons and nerves, except the tendo calcaneus, are pulled down, cut at the saw 
line, and allowed to retract proximally. The white island in the center of the end of the tibia 
represents cartilage. The heel flap is debrided and all muscle, fascia, periosteum, and loose de- 
vitalized strands of tissue are removed. B; The thick edge of the heel flap is trimmed; the sharp 
edge of the wedge faces anteriorly, for ease of closure. The tourniquet is then removed, and the 
remaining open vessels are clamped and ligated. Complete hemostasis is desirable. 

Fig. 0 : The heel flap is centered 90 the end of the leg and held there by an assistant, while the 
skin edges are approximated with interrupted sutures. No subcutaneous sutures are used. The 
stump is usually drained, as indicated in B, unless the foot has been clean and absolute hemostasis 
has been obtained. The lateral projections of skin, forming “ears”, are never trimmed. 

Fig. 6; Shows the contour of the stump after operation. Final forming and shaping are achieved 
by wrapping with elastic bandages (see Fig. 12). 


who have had ligation of the major vessels or marked vasomotor spasm and have responded 
to novocaine block, lumbar sympathectomy should be done. Cultures should be taken on 
all open wounds, and operation should be postponed until the cultures are sterile. Patients 
should, of course, always have complete physical and laboratory examinations. The 
patient’s mental status should be established before operation, since the best results can 
be obtained only when there is reasonably good cooperation on the part of the patient. 
Penicillin or chemotherapy should be used routinely in all cases which have, or have had, 
open wounds in the vicinity of the operative site. 

opeiutht: technique 

The operation is performed in three major steps. The routine use of the pneumatic 
tourniquet above the knee is recommended. The operator stands at the end of the table, 
with an assistant on either side. After proper surgical preparation of the limb, it is rested 
on a block of wood about ten inches in height. For the purpose of description, the oper- 
ative technique will be described as for a right-handed operator and a right leg. 

Step 1 

This consists of the skin incision, dislocation of the ankle, and removal of the cal- 
caneus. 

The incision is started across the front of the ankle joint on a line connecting the two 
most prominent points of the malleoli (Fig. 1). It extends medially to a point just in front 
of the medial malleolus (Fig. I, B). From this point it is continued distally across the sole 
of the foot in a line at right angles to the long axis of the foot. From the lateral margin of 
the sole of the foot, it is continued proximally to the anterior margin of the lateral mal- 
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Icolus. From thi.s point, it is curvod gontly to meet the l)eginnin<f of the incision (Figs. l,yl 
and 1, C). The distance from the posterior aspect of the heel to tlie line of incision on the 
sole of the foot will vary from two and one-half to three inches, depending upon the size 
of the leg and whether or not the foot is ti.xed in eciuimis. In j)atients with large ankles 
and feet and those having fixed e(iuinus, the incision will extend farther forward on the 
sole of the foot. After the skin has been incised in this manner, all soft structures are 
divideil in the line of the incision, down to the bone. I’his opens the ankle joint anteriorly 
so that the superior surface of the talus can be .seen. 'I'lie scalpel, with the sharp edge down- 
ward, is then placed in the joint space between the medial malleolus and the talus; and the 
deltoid ligament is divided, while the cutting edge of the scalpel is keiit against the tarsal 
bones. The calcaneofibular ligament is divided in a similar manner (Fig. 2, A). This 
allows the talus to be dislocated forward .^a) that a large bone hook can be inserted into its 
superior articular surface ( Fig. 2, li\ . The hook is pulled forward with the left hand, while 
the surgeon very carefully removes the calcaneus extraperiosteally by sharp dissection 
with a scalpel. The sharp edge of the scalpel is always kept against the bone so that no 
damage will be done to the soft-tissue structures in the heel flap. When the tendo cal- 
caneus has been reached, it is divided near its insertion into the calcaneus. The bone hook 
is then removed and inserted into the posterior part of the calcaneus to facilitate forward 
traction, while the remainder of the calcaneus is dissected out. 


Step 2 

This step consists of sawing olY the malleoli, cutting tendons and nerves, debriding the 
heel flap, and ligating the major vessels. 

By means of tissue forceps, the deep layer of subcutaneous fascia, just anterior to 
each malleolus, is identified and a subfascial extraperiosteal exposure of each malleolus is 
exeeuted by sharp dissection; the exposure extends up to the level of the articular surface 
of the distal end of the tibia. Soft structures are retracted on cither side of the ankle, and 
the malleoli arc sawed off sc[uarely in a plane at right angles to the long axis of the patient’s 
body; the portion of the posterior aspect of the tibia which projects distally to the anterior 



Fig. 7 Fig. S-A Fig. S-B 

Types of war wounds of the feet for which the Syme amputation is most commonly performed. 
Fig. 7 ; The short Chopart stump is fixed in equinus and the end is covered by a wide scar. 

Figs. 8-A and 8-B; Skin-grafting has been done. Grafts of this typo are not satisfactory on 
weight-bearing areas. 
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Fig. 9-A Fig 9-B Fig. 9-C 

Three views of a unilateral Syme stump, resulting from the technique described. (.Fig. 9-A is re- 
produced by courtesy oj IF. B. Saunders Company^.) 


irticular aspect is also sawed. The saw line is placed as far distally as possible, so that 
Tequently a large area of articular cartilage may remain on the end of the tibia. The peri- 
Dsteum on the distal end of tlie tibia and fibula is left intact (Figs. 3 and 4) . 

Beginning with the tibialis anterior tendon and proceeding in a clockwise direction, 
all tendons and nerves except the tendo calcaneus are now isolated, clamped with Kocher 
clamps, pulled down, cut squarely off at the level of the saw line, and allowed to retract 
(Fig. 3), Great care must be e.xercised in handling the posterior branches of the tibial 
nerve, since it is so closely associated with the corresponding vessels. AYith reasonable 
care, these nerve branches can always be isolated without damaging the vessels. They are 
cut off and allowed to retract well above the cut end of the tibia. The dorsalis pedis and 
the medial and lateral plantar branches of the posterior tibial arteries and veins, as well as 
the saphenous vein, are located at the line of incision, where they are clamped and ligated. 
The heel flap is then debrided; and all fascia, muscle, and loose strands of devitalized 
tissue are removed. The abductor haliucis muscle is removed from the medial side of the 
heel flap and the abductor digit! quinti is removed from the lateral side. The plantar fascia 
and the flexor digitorum brevis are removed fi'om the center of rhe heel flap. Remor^al of 
these muscles and the fascia is accomplished by sharp dissection with the scalpel. The 
anterior edge of the heel flap is then beveled with a pair of curved scissors so that, ante- 
riorly, the flap is wedge-shaped (Fig. 4). The tourniquet is then deflated. 

Step 3 

This consists of clamping, ligating small vessels until a dry field has been obtained, 
closing the stump, draining, and dressing. 

After the tourniquet has been removed, all the bleeding vessels are clamped and 
ligated with fine ties until the field is as dry as possible. As in all amputations, complete 
hemostasis is highly important. The heel flap is centered over the end of the stump and 
held there by one assistant, while it is sutured to the skin of the anterior surface of the leg. 
No subcutaneous sutures arc used, and the resulting suture line is straight across the ante- 
rior aspect of the stump. Formerly, the heel flap was fixed to the end of the leg with from 
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two to four heavy, deep sutures, before the .skin was closed, in order to ensure agains 
displacement. Two rubber dams (Fig. 5) are inserted in all eases where there had previ 
ously been open wounds. Drainage may not be necessary in absolutely clean wounds 


Fig. 12 Fig. 13 Fig. 14 

Fig. 12 : Proper method of bandaging a Syme stump ; two four-inch elastic bandages are used. 
The non-padded plaster (Fig. 13) or the brace type of pylon (Fig. 14) is used temporarily for 
shrinkage of the stump, while patient is waiting for the permanent prosthesis. The plaster pylon 
's preferable. In double Syme amputations, the ends of the temporary limbs are made flat for 
etter balance. (Figs. 12 and 14 are reproduced by courLesy oj IF. B. Saunders Company .) 
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where complete hemostasis has been obtained. The resulting lateral projections of skin 
forming “dog ears” are never trimmed, as this might devitalize the flap (Fig. 5). The 
“dog ears” disappear later, as a result of proper use of the compression bandage (Fig. 
6). The knee is then held in e.xtension, while a compression bandage is applied over 
the dry gauze dressing; great care is exercised to hold the heel flap in the center of the 
end of the long axis of the body while the bandage is being applied. Two four-inch 

cotton elastic bandages are used 



Close-up views of a S3'me stump, seieial months after operation Note that the entiie weight- 
bearing end of the stump is covered by plantar skin, which has always been accustomed to weight- 
beanng 



The ad\antago3 of the Syme stump and of the Syme prosthesis o\er the below -the-knee stump 
and prosthesis are partly shown {Fig 16-B u> reproduced by courtesy oj II IS iaum/crs Cum- 
pany\) 


'OL 28, XO. 3, JULY 1010 



424 


u. II. an’I) t. c. Thompson 


arc not necessary, [t is iniiiorlant never to apjily llie ])ostoi)erative rlre.ssing with the 
knee in fle.xion, since discomfort will he experienced when an attempt is made to extend 
the knee. 


The leg 


i>o.s-roi*Ku.vnvK c.\hk 

is immediately elevated on pillows, and elevation is maintained from the time 
the dressing is applied until the wound has healed. The patient is idaced in hed, preferably 
one in which the entire foot of the hed can he elevated with the knee practically straight; 
only enough flexion is left for the comfort of the patient. The patient is not allowed to 
turn onto the sitle on which the amputation has heen j)erformed, as this tends to displace 
the heel flap meilially. No postoperative splint is 
used, since the hed acts as a siilint. 'fhe first |)ost- 
operative dressing is changeil in twenty’-four hours; 
otherwise the hlood on the dressing would dry and 
removal of the dressing later would he very jiain- 
ful. One drain may he removed at this time if the 







Fig. 17-A Fig. 17-B 

A bilateral Syine aiuimtation, without aiul with the prosthcacs. Both amputations were per- 
formed at the aame time, and iirimnry liealing occairrcd in two weeks. (.Fiy. 17-B in reproduced by 
courtesy oj If. B. Saunders Company^.) 


stump seems dry; but, if there is scrosanguineous discharge, both drains are left in place for 
as long as seven days. The dressing thereafter is changed as indicated, — usually about every 
forty-eight hours until both drains have heen removed, which may be within from two to 
seven days after operation. No further dressing is done until the fourteenth day^ when the 
sutures are removed. Penicillin or chemotherapy, if used, is discontinued after healing has 
been assured; this is usually between the seventh and fourteenth day after operation. 
After the sutures have been removed, the foot of the bed is leveled, and elevation of the 
extremity is discontinued. The limb is not allowed to hang down until the end of the third 
week after operation. If the circulation to the heel flap is threatened during the postopera- 
tive period, novocaine blocks of the sympathetic trunk are carried out while the patient is ^ 
in bed. Drains should not be removed until sympathetic blocks have been discontinued, 
as there may be gross bleeding into the stump if the sympathetic blocks are effective. 

Ordinarily, a walking pylon is applied between the third and fourth week (Fig- D)- 
A non-padded plaster with a crutch-tip type of extension is preferable. Patients start 
weight-bearing on the pylon with crutches for the first week, after which they usually walk 
with full weight-bearing, without support. After the plaster pylon has been used for about 
four weeks, a plaster mold of the stump and leg is taken for the permanent prosthesis. In 
order to make the plaster mold, it is necessary to remove the first pylon; after this a second 
one is applied, which is worn with active weight-bearing until the permanent prosthesis is ^ 
ready for use. It requires only a few days after the permanent limb has been applied for 
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patients to change from the st3-le of walking associated with a peg leg to the normal heel- 
and-toe gait. 

COMPLICATIONS 

In this series of seventj'-five cases, complications have occurred in approximateh' 
10 per cent. Most of the complications were of a minor nature; but in three cases revision 
was necessary, following infection or sloughing of part of the heel flap. In no case has 
reaiuputation at a higher level been dune. Infection has often followed hematoma forma- 
tion; when hematoma was prevented, infection did not usually occur. Hematoma has also 
occasionally caused sloughing of a small edge of the heel flap, ordinarily on the medial 
aspect; but this usuallj’ has not required revision or altered the patient’s course materialh-. 

Displacement of the heel pad mediall\' or redundancj' of the pad has not occurred in 
any case to an extent sufficient to interfere with good function or to cause dissatisfaction 
on the part of the patient or the surgeon. There has not been a single instance of phantom 
limb or of a painful nerve syndrome. 

With increased ex]ierience, the incidence of complications decreased, so that the}’ 
rarely occurred in the last 75 per cent, of patients in this series. 

RESULTS 

No long-time follow-up study has been possible, since the first patient in this series 
was operated upon only three years ago. However, evei"}' patient was followed very care- 
fully until he was fitted satisfactorily with a limb, trained to use it, and either separated 
from the Ser vice or returned to duty on a limited service status. A few patients are still 
in the hospital, but all of them have stumps as good as those of the patients who have been 
discharged. In all of these cases the immediate results have been completely satisfactory 
to the patient and to the surgeon. 

The stumps have all fulfilled the following requirements, which are essential for good 
functioning of a stump after the Syme amputation: 

1- It should have good circulation and good sensation. 

2. It should be painless and non-tender. 

3. It should be capable of full end-bearing, with or without a prosthesis. 

4. It should be suitable for fitting in the conventional way with a prosthesis which 
requires no apparatus above the knee. 

3- There should be no tender scars or other areas liable to break down from the use 
of a prosthesis. 

6. It should be satisfactory both to the patient and to the surgeon. 

SUMMARY 

The Syme amputation has not in the past been fully utilized by most surgeons in this 
country. A Syme amputation which meets all the requirements of good function is the best 
major amputation in the lower extremity. As such, it has definite advantages over ampu- 
tation below the knee and over most short foot stumps. 

The chief disadvantage is the degree of skill and attention on the part of the surgeon, 
hich are required for the best results. If the Syme amputation does not meet the require- 
ments of good function, or if it cannot be made to do so, amputation below the knee is 
preferable. 

The preoperative indications, the operative technique, and the postoperative care are 
equally important. It is unfortunate that such a small proportion of patients requiring 
amputations of the lower extremity have the preoperative indications for this procedure, 
ut the e.xperience gained in observing this group of patients has convinced the authors of 
le superiority of the Syme stump over other stumps of the lower e.xtremity. 

It is recommended strongly that the Syme amputation be performed, whenever pos- 
* instead of the more widely accepted mid-leg amputation. 
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DISCUSSION 

Lieutenant Coi.onee IIahuy D. Alointi.s, Medicae Coims, .Au.my oe the United States: I want t 
complimenl Lieulenanl Colonel .Vlldredge on his e.xccllenl pre.-enlation of a diflicnlt .surgical techniqui 
I wish to emphasize again that almost univei>ally, in .\rmy .Vmimtation Centers, a good Syme stump i 
considered the best result of major lower-e.\tremity amputations, ami that much of the criticism in th 
past has been brought about because of poor selection of cases or faulty operative technique. Our ow 
experience is based on some forty-two cases which have been done at our Center during the past tw 
3 mars. Colonel Alldrodgc has iiointed out very delinitelv the indications for the jiroper .-.election of cases! 
which to perform the Syme amimtation. Violation of the.-e clear-cut iirinciides will lead to unsatisfactor 
results — as is true of any other oiierative t(‘chni<iue — and will bring discredit to the operation. Somi 
criticism in the past has been directed toward tlic.-e end-bearing stum|)s, because of the difficulty o 
jirosthesis fitting. Our exiierieiice has been e.-seiitiall.v that of the authors, — namel.v, that a Syme pros 
thesis can bo constructed more easily ami simiily than can a standard below-the-knee prosthesis, and i 
requires considerablj' te.-s adjustment. The (latient is happ.v because he does not have any apparatu: 
extending above the knee, and pelvic belts can be eliminated. 

We have had no bilateral Syme amputations, but we have had several Syme amputations in com 
bination with a below-thc-knee stumi) on the opposite li'g. Invariably' the amputee will state that lit 
feels the Syme is the more satisfactory .stump to take the greater iiart of his weight and thus to relieve 
the opposite stump. 

It might bo of interest to mention a variation in operative technique that we have used in Syme 
amputations at McCloskey' General Ilosintal for the past one and a half years. The subperiosteal 
resection of the calcaneus has been used by Gordon Dale at the Christie Street Hospital for some time; 
and, following Dale’s advice, we have u.sed this technique in the last twenty-eight Syme amputations, 
We have boon improssetl with the fact that, for an operator who is relatively’ inexperienced in the Syme 
technique, there is inobably’ less danger of injuring the blood BUjiiily of the flap by subperiosteal than 
by extraperiostcal dissection of the calcaneus, and that the flap adheres very' rapidly to the tibial end. 
In from seven to ten days, it is almost imiiossibie to shift the flap; and, by using a relatively simple 
postoperative dressing of adhesive stri|)S, we have had no ililliculty with shifting of the flap, and the 
postoperative care has been rendered quite simple. One is concerned, on viewing a postoperative roent- 
genogram, as to the fate of this large mass of calcified tissue which remains at the stump end; but 
patients who have been followed for a y’car have luul no particular complications from this source. One 
must be careful, liowever, to trim the periosteum around the margins of the flap in order to prevent 
proliferation; this might possibly make some painful areas, which would give pressure on the sides of 
the prosthesis. 

I believe it is a rather universal feeling on the part of those who have had considerable experience 
with Syme amputations that the merits of this particular amputation have not been fully' appreciated 
by the profession at largo; and tliat, if proper selection, meticulous operative technique, and adequate 
postoperative care are carried out, the Syme amputation will find its proper place. 

Dr. William E. Gallie, Toronto, Ontario, Canada; I have listened to this paper with the greatest 
pleasure and I rise now solely to commend the writers for what they have said and to support them m 
their advocacy of the Syme amputation. Reporting, as they' do, nearly a hundred operations done within 
three years, there isn’t anybody who has had more experience with the technique or had a better oppor- 
tunity to study the early results. Later on, they will be equally' competent to report the late results;* 
but in the meantime I can assure them that their hopes are well founded, for it has been the e.xperience 
of the Toronto group, whom I represent, that the men with Syme amputations walk better, stand up 
better, and have more comfort and general satisfaction with their artificial legs than men with any other 
kind of amputation of the lower limb. 

The moving picture [shown by the speaker] was prepared for me by my colleagues at the Christie 
Street Hospital in Toronto. It demonstrates a group of these patients, whose amputations were per- 
formed from two to fifty years ago, walking and jumping from a height. The patient whose amputation 
was performed fifty years ago is an old friend of mine who has played hockey and football, and became 
one of the leading Canadian cricketers. He put me out of the quarter-finals in the University Club 
squash racquet tournament, thirty-five years ago. 
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The purpose of this presentation is to describe two surgical procedures which have 
iroved of value in conserving competent function in short amputation stumps. 

At McCloskey General Hospital, one of the seven large Amputation Centers set up b}' 
he Surgeon General’s OlEcc, almost daily the decision must be made as to the necessity of 
•acrificing short stumps of the leg and forearm because it is impossible to fit prostheses to 
;hem. Patients, on the other hand, do not want to lose the power to use their elbows or 
tnees, as the case may be. To aid in this reasonable desire, two surgical procedures have 
leen developed: section of the biceps tendon in the upper extremitj*, and section of the 
uedial and lateral hamstrings in the lower extremity. 

A thorough search of the available literature reveals mention of these procedures in 
)nly one instance. In “The IMedical Department of the United States Army in the World 
iVar”, the following brief statement is made: “In these cases [that is, short below-the-knee 
imputations] the leverage may be increased to the point of utility by remoxdng the fibula, 
iutting away practically all of the muscular tissue on the back of the stump and severing 
he inner hamstring”. No mention is made of section 
)f the biceps in amputations of the upper extremity. 

The stump length of the forearm is measured, ac- 
:ording to Kirk, “from the insertion of the biceps ten- 
ion, which stands out welt when the forearm is flexed 
it right angles against resistance, to the bone ends of 
he stump. This gives the true stump length. The 
ninimum stump length allowing the fitting of a fore- 
irm prosthesis and furnishing enough leverage to acti- 
■'ate it is one and one-half inches.” The authors have 
ound that, by excising one inch of the biceps tendon 
it or near its insertion, approximately two inches in 
ength of useful stump is gained. Following this oper- 
ition, the true stump length is measured from a point 
it or near the coronoid process of the ulna. 

A functional stump length of one and one-half 
nches below the knee joint is usually considered the 
ihortest which will allow proper fitting of an artificial 
unb. The hamstrings, particularly the medial ham- 
itrings, insert at or below this level. Excision of the 
lamstrings allows a gain of approximately two inches 
if usable stump length. It is hardly necessarj' to state 
hat the ability to use a forearm or leg stump, how- 
ever short, greatly increases the usefulness of the ex- 
rernity; and any procedure designed to aid in this 
ibility is worthy of consideration. 

As stated previously, when the elbow is flexed 
igainst resistance, the biceps stands out. Similarly, 

'hen the knee is flexed, the hamstrings become promi- 
nent. The effect is to crowd the prosthesis off the short 

rn- *.^'‘?®6nted at the Annual Meeting of The .American .Academy of Orthopaedic Surgeons, Chicago, 
aimois, January 23, 1946. = = . 
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Schematic illustration of surgical 
section of biceps tendon. Xote in- 
creased functional length of stump. 
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stump; this inhibits the use of tlie prostliesis in flexion, especially in the upper extremity. 
Thus the most important movements, which aid m eating, dressing, and shaving, become 
impossible. 

The insertion of the biceps is approximately two inches distal to the coronoid process 
of the ulna and about the same distance from the elbow joint itself. The biceps muscle, of 
course, is primarily a supinator of the forearm, and the brachialis is the prime flexor of the 
elbow joint. The brachialis, being inserted into the coronoid process, is placed close to 
the anterior surface of the humerus, and e.xtends onty a short distance (perhaps one-half 
inch) onto the stump. Loss of the biceps may decrease the power of flexion slightly, but 
this is not of material importance. Likewise, loss of rotation of the forearm is of no impor- 



Fic 3-C 

Patient has been fitted with prosthesis Xote double Northrop cable control and patient’s ability 
to open hook at le\el of mouth. 




Fig. 4-C 
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weaken this power. It is conceivable that removal of these important muscles would 
lead to hyperextension of this joint, which obviously would be the cause of a serious 


disability. In none of the cases treated 
by the authois has hyperextension showm 
any tendency to occur. With the use of 
a prosthesis, e.xtension with power is the 
major necessity, as this allows the pa- 
tient to stand and to bend his prosthetic 
knee at any angle, while bearing full 
weight. The pow'er of flexion is of minor 
importance. The w eight of the prosthesis 
itself w’ill carry out this movement. The 
two heads of the gastrocnemius arise 
fiom the lower condyles of the femur, 
and this muscle acts as an accessory 
flexor of the knee joint. In a short-leg 
amputation, the gastrocnemius is at- 
tached to the lower end of the stump, and 
this acts as the point of insertion The 
gastrocnemius also prevents hyperexten- 
sion of the knee joint when the ham- 
strings are removed. 



Schematic draiimg illustrates operative section of 
hamstring tendons Note increased length of func- 
tional stump obtained (one and one-half to two inches 
m the a\ erage patient) 






Fig 6-.\ Photographs of short below-the-knee stump taken before and after operative section of 
hamstring tendons Note the increased functional stump length obtained, which allows fitting of 
prosthesis 

Fig. 6-B Patient has been fitted with standard Army provisional prosthesis 






Fu:. 7-A Fia. 7-B 

FiK. 7-A: Iloentj;c'noj;iiiin>. Ijoforo opomtioH (upper) iind alter operation (lower), of short 
bclow-tlie-knee .stump. .-M oiu'ratiou I lie remnant of the fibula was e.xeiscd and the liamstring 
tendons were .seetioned. 

Fig. 7-li; I’hutograplis taken after revi.-iou of .stump and .section of hamstrings. 



Fig. 7-C 

Patient has been fitted with prosthesis; a slip-socket was used in this case. There is no difficulty 
with stump rising out of the socket during flexion. 
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OPERATIVE TECHNIQUE 

At the time plastic revision of tlie short forearm stump is undertaken, the terminal 
scar is excised and equal anterior and posterior flaps are established. By undermining the 
anterior flap, the insertion of the biceps tendon can easily be found and can be severed at 
its point ot attachment to the radius. The tendon is then pulled down with an Ochsner 
forceps, and approximately one inch of the tendon is excised. This allows the remainder 
of the tendon to retract proximally so that it will not become reattached. Any redundant 
muscle which remains on the lateral aspect of the stump — chiefly the brachioradialis — is 
thinned down or excised in order to decrease the bulk of the stump and allow a minimum 
of soft tissue to remain. The investing fascia of the muscle, if present, is sutured over the 
bone end. If fascia is not available, skin only is sutured over the end of the bone. Drain- 
age is employed for fc-rty-eight hours if complete hemostasis cannot be secured. 

In the short-leg stumps, the fibula is excised routinely during plastic repair; the biceps 
femoris tendon is severed from its insertion at this time. Without any further procedure, 
it retracts far enough to accomplish the desired purpose. The medial limb of the incision 
used in shaping the flaps is carried sufficiently high to section the semitendinosus, semi- 
membranosus, and gracilis tendons, so that they are allowed to retract. If extension of 
this medial incision will endanger the blood supply to the flaps, a small, separate transverse 
incision is made in the fold of the popliteal space; and the same tendons are sectioned 
through this incision. The authors have not found it necessarj- to section the sartorius in 
any case. In a few patients who had had earlier plastic repair without section of the ham- 
strings, the medial hamstrings have been cut at a second operation, by the technique 
described. 


RESULTS 

During the past ten months, the authors have carried out the procedures described on 
ten short forearm stumps and twenty-two short below-the-knee stumps, including one 
patient who had had a bilateral amputation. Only one patient has required reamputation 
at a higher level; he had a below-the-knee stump with a severe flexion contracture, which 
was um-elieved by surgical or conservative treatment. All the other patients have been 
fitted satisfactoril}’^ with provisional prostheses. 
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THE OVERSEAS TREATIMENT OF COMFOUND FRACTURES OF 

THE LONG J30NES * 


UY GKOUe.K O. KATON, M.D., ISAL'l'IMOUIi, MARYLAND 

The island-hopping Pacific war, from the Soiitiiern Solomons to the Ryukyu chain, 
was a new type of warfare for the United States forces. IMothods and implements of war- 
fare had to be developetl or redesigned to meet the new demaiuls. The Medical Corps was 
no exception, — its mission was the same as in previous conflicts, init the clinical manage- 
ment of the patient had to he adjusted to the ever-present need for evacuation to the rear 
and to the type and duration of travel. As evidence accumulated and e.xpericnce increased, 
hitherto standard procedures gave way to improved techniques. Ideal surgical manage- 
ment of the patient was always in conflict with the function of administration, whose mis- 
sion it was to evacuate patients so that beds in forward areas were available for emergen- 
cies and so that forward units were always kept mobile. Intelligent coordination between 
professional activities and administrative functions was vital to the best interests of the 
patient. In the earl}'' treatment of battle fractures, no single doctor or group of doctors 
was actually in charge of the case. The patient received first aid, then w’as moved toward 
the rear; shock therapy, debridement of wounds, and immobilization of fractures was 
accomplished; the patient was moved by stages farther to the rear; and the clinical con- 
trol of the patient changed hands with each move. Even at the Base Plospital in the 
overseas theater, the surgeon was in charge of the patient only until it was feasible to 
evacuate him to the United States. The planes or ships which carried troops and supplies 
foiavard were utilized to carry patients to the rear, so that evacuation of patients had to 
be coordinated with the many other demands on the facilities of the transportation organi- 
zation. It was necessary to bear in mind always that transportation in the combat area 
would probably cause a variable degree of deterioration of the patient’s general and local 
condition. 

The initial treatment of the battle fracture had three objectives, which, in order of im- 
portance, were: the treatment of shock, the management of the wound, and the immobili- 
zation of the fracture. 

Human blood plasma was available as far forward as the battlefield itself. As a re- 
placement for blood lost by hemorrhage, it w'as vastly superior to the various intravenous 
fluids used in World War I ; and the comparative ease with ■v\dnch it could be stored, trans- 
ported, and administered greatly widened its scope of usefulness. During AA^orld AA^ar II, 
transfusions of 'ndiole blood gradually replaced plasma in the treatment of shock, except 
in the case of burns or severe crushing wounds. It became common to use as much as four 
or six liters in a single case. The blood flown from the United States was administered to 
the patient in Luzon five or more days after it had been drawn from the donor. The blood 
was packed so that it could be administered just as simply as plasma. Serious transfusion 
reactions were rare. In one reported series of 750 consecutive transfusions, using blood 
flowm from the United States, there w'ere no deaths, no serious reactions, and only three 
moderate reactions. Such complications as jaundice, anuria, and oliguria, which have been 
reported after the injudicious use of large amounts of whole blood, were not observed by 
the writer. Other measures to combat shock, such as elevation of the foot of the cot, main- 
tenance of body heat, and immobilization of the fracture, were carried out routinely. ' 

After flrst aid and shock therapy had been administered, the patient was moved to 
the clearing company from the Battalion Aid Station. Here the soldier had his flrst oppor- 
tunity for operative surgery, which, in the case of a compound fracture, was debridement. 

* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illi- 
nois, January 22, 1946. 
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In war surgery, debridement is aimed especially at the prevention of anaerobic cellulitis 
and clostridial myositis. One seldom saw gas gangrene, except in wounds involving large 
masses of muscle and in those in which the wound had been allowed to seal over the tract 
of the missile. To be effective, debridement should be carried out early and should be ade- 
quate; and at all times certain axioms must be obeyed; Adequate exposure is necessary to 
explore all tissues traversed by the missile, to excise all devitalized tissue, and to decom- 
press and aerate the wound ; generous incision and relaxation of the fascial layers are neces- 
sary to e.\pose devitalized muscle satisfactorily; the excision of skin is held to a minimmn; 
counterincisions for dependent drainage are indicated, especially in the thigh; fragments 
of bone which are completely detached from periosteum or muscle are excised; and severed 
tendons or nerves are not resutured during debridement, but only marked for future identi- 
fication by means of silk or wire ligatures. Debridement in war surgery differed from that 
in civihan surgery in that it was necessarj' to lay great emphasis upon lea^ang the debrided 
wound wide open. Bleeding points were ligated, but not even partial closiue of wounds of 
the extremities was indicated or justified. In spite of the experience gained in World 
War I, this lesson had to be learned all over again in the early part of this War. Patients 
admitted more than forty-eight hours after being wounded were not subjected to debride- 
ment, unless evidence of active infection was demonstrated. The relative comfort of a 
limb which had been adequately debrided, as compared with a similar wound which was 
under a regimen of watchful waiting, was noted repeatedly. 

Local chemotherapy was first used on a large scale in this War. Each soldier was 
given a packet of sulfanilamide crystals to sprinkle in his wound and a supplj’’ of tablets 
to take by mouth. Following debridement, the application of sulfonamides to the surface 
of the wound was recommended. Since military surgery permits no e-xperimentation, it 
was not possible to estimate accurately the value of the local application, because oral 
administration was employed concurrently. When penicillin became available, the value 
of its use locally was unproved because of the concurrent parenteral administration. Cer- 
tainly, progress in wound management has veered away from the introduction of any 
chemical agent into a wound for its supposed antiseptic effect. Mechanical irrigation of a 
wound with saline solution or sterile water continues to be a good surgical practice. 

One of the most important advances in war surgerj’- has been the extensive adoption 
of the surgical procedure known as secondary wound closure, which was practised during 
the closing months of World War I. The optimum time for secondary closure is from four 
to twelve days after debridement, and the patient must have arrived at a hospital where 
bed care could be assured for at least fifteen days. Because of these prerequisites, it was 
not often possible to carry out the procedure in the Pacific Theater. In the ilediterranean 
Theater and the European Theater, where facilities were greater and distances shorter, 
this technique was developed. When the patient arrived at the hospital, the original post- 
debridement dressing was removed in the operating room, under aseptic precautions. If 
the debridement had been adequate, all superficial wounds and many deep wounds could 
be closed by secondary suture; following this the part was immobilized, preferably by a 
plaster cast. The conditions which most often jeopardize results are: dead tissue in the 
depths of the wound, with purulent drainage; too early motion; and unrecognized foreign 
bodies adjacent to the wound. Secondary’’ wound closure has been reported successful in 
85 per cent, of cases which were properly chosen. Bacteriological studies of wound flora 
have not proved useful in selecting cases for secondary' closure. The great value of sec- 
ondary wound closure in compound fractures is the minimizing of scar-tissue formation, 
adjacent to a healing fracture. 

Lumbar and thoracic sympathetic block with procaine was utilized to an increasing 
extent in forward areas for the control of vasospasm following injurjx Frequently during 
debridement the main artery, such as the brachial or popliteal arierjq would be observed 
to be intact, but contracted and pulseless. Following debridement, sj'mpathetic block 
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would be uccoiuplishcd uiid would be vei)ejited dully, if indieiited, until wurinth and pulsa- 
tion returned to the distul portion of the extremity. The extreme value of this procedure 
in such cases should always be kept in mind. 

Statistics show that 68 per cent, of battle wounds involve the extremities, and that 
about half of the extremity wounds result in fracture, so that about 34 per cent, of battle 
wounds are comi)ound fractures. These battle fractures differ from the usual civilian frac- 
ture in several important ways: d’hey are usually markedly comminuted, due to the high 
velocity ot impact. There is usualK’ extensive soft-tissue damage. The tendency to short- 
ening and overriding is much le-ss than in simple fractures. The time of healing tforination 
of callus) is prolonged, and the time interval in which reduction of disi)lacement can be 
aceomi)lished is extended. 

On the battlefield, splinting of long-l)one fractures was part of the routine first aid. 
1 he upper e.xtremity was usually bound firmly to the chest wall; tractit)n s|)lints were 
seldom useil. The thigh aiul leg fractures were placed in traction in an Army leg splint, if 
available; if not, they were splinted to any rigid material at hand, sueh as boards, tree 
limbs, or rifles. At the Battalion Aid Station, such improvised splints would be replaced by 
the Army leg splint. This is a 'rhomas splint in which the metal ring has been replaced by 
a sott, pliable leather, which forms the posterior half of the ring, and by a strap and buckle, 
which form the anterior half. Adjustment of the strap and buckle so that the posterior 
part of the ring would not slip up over the ischium, and yet so that there was no impedi- 
ment to return circulation at the groin, was extremely difficult. Periods of travel were 
comparatively i)rolonged, and i)laster was substituted for immobilization as soon as the 
wound had been debrided. In order to save time and manpower, eompound fractures of 
the femur were debrided with the limb in traction on a portable fracture table, — either the 
commercial tyi)c or an improvised imitation. In this way, general alignment and the full 
length of the bone could be restored; this was the goal in reducing the fracture, at this stage. 

Plaster immobilization consisted of a “one and one-half” hip spica, which extended 
from the costal margin to the knee on the sound side and to the base of the toes on the 
injured side. The cast was reinforced with a strut and was well padded and split. In our 
hands, the Tobruk splint was unsatisfactory. Fractures of the lower part of the femur 
which could be immobilized in a Tobruk splint could as well be immobilized in a toe- 
to-groin cast. In so far as possible, traction casts were not used during transportation. 
All compound fractures above the elbow joint were immobilized, after debridement 
and general realignment, in shoulder spica casts, with the upper arm in from 20 to 40 
degrees of abduction. The hanging cast proved to be totally ineffective and uncomfortable. 
Compound fractures of the other long bones, after debridement, were immobilized in 
padded plaster casts which included at least the joint above and the joint below the frac- 
ture. Because of the hazard involved, the skin-tight plaster technique was not used during 
transportation. 

The journey to the Base Plospital was begun by the patient with a compound fracture 
after shock therapy had been completed, the wound had been debrided, and the fracture 
immobilized. In the early days of the New Guinea campaign, the distance was about fif- 
teen hundred air miles and might be made by ship or plane, with numerous stops and ambu- 
lance rides en route. Stops would be made at military hospitals, and a tendency developed 
to change the cast at each stop in order to observe and report the condition of the wound. 
For this reason, the rule was made that a patient would not be subjected to change of cast 
if his temperature was normal, his injured limb was comfortable, and the circulation in 
the toes or fingers was normal. This rule proved to be satisfactory and practical. Ah 
patients with compound fractures had a normal expectancy of not returning to duty within 
four months, and were therefore destined to complete their convalescence in the United 
States. They were evacuated to General Hospitals in rear areas for treatment until they 
could be evacuated from the Pacific Theater. 
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The General Hospital was especially equipped and staffed to investigate diagnostic 
problems and to deal with therapeutic problems. A critical estimate was made of the 
patient’s general and' local condition, and an accurate histoiy was culled from his records. 
Casts were remo^•ed and the wounds were revised and closed secondarily, if feasible; or 
further debridement was performed, if indicated. At this Hospital, the choice of methods 
for definitive treatment of the fracture was made. Open reduction and fi.xation were usu- 
ally reserved for those cases in which attempts at closed reduction had failed. Patients 
with fractures of the arm, forearm, or leg continued their convalescence in padded plaster 
casts, provided that, by manipulation or by wedging, satisfactory I’eduction could be 
obtained and maintained. Traction, when indicated, was usually of the skeletal type. Dis- 
traction of the fragments was apt to occur with the weight values usually used in simple 
fractures. External skeletal fixation was seldom used, perhaps because the apparatus was 
scarce, or perhaps because immobilization of soft-tissue wounds speeded up healing and 
diminished the tendency for spread of infection. 

A series of thirty-five cases with fractures of the femur, admitted to a General Hos- 
pital in the Pacific area, have been reported b}"- Hochwalt, Rogers, and Culmer.^ The 
average time which elapsed between injuiy and admission was twent 3 ’^-five daj's. Ten 
patients were in satisfactoiy positions in plaster and were not disturbed. Xine patients 
had simple fractures with malposition; and, in eight of these, open reduction was necessarj”^ 
to secure satisfactorj’- positions. Sixteen patients had compound infected wounds with 
malposition, and in all of these the fractures could be reduced satisfactoriD bj' skeletal 
traction. This illustrates well the statement that the compound fracture received in battle 
has less tendency to become displaced in plaster, and a longer time interval exists within 
which closed reduction of the displaced fragments can be accomplished. General Kirk 
strongly favored the routine use of balanced traction for fractures of the femur. If the 
patient arrived with the fracture fragments in good position in plaster, no change was made 
until consolidation of the fragments had occurred. Il’hen traction was indicated to correct 
malposition, skeletal traction applied through the tibial crest appeared to be the most 
satisfactory. When traction was indicated to maintain full length, the Russell-Hamilton 
suspension traction proved to be adequate, if the skin areas were available. While patients 
with fractures of other long bones could be evacuated to the United States promptly with- 
out risking the occurrence of displacement of the fragments in plaster, it was necessaiy to 
keep patients with fractures of the femur under treatment overseas until sufficient healing 
had taken place so that malposition would not develop after transfer to a plaster cast. 
This period varied from eight to sixteen weeks. 

Statistics of World War II will show a marked improvement over those of the last 
War in the rate of survival and the escape from permanent crippling disabilities, subse- 
quent to war wounds of the extremities. This improvement will not be primarily' the result 
of advances in chemotherapy, but rather of advances in shock therap}' and in wound man- 
agement. Further improvement is possible. The administration of the iMedical Corps 
naust take a more active interest in the clinical welfare of the patient. The visit of the 
Surgeon General to the Pacific Theater in the early months of 1945 was a most powerful 
and pleasant stimulus to the average professional medical officer. Here was the highest 
ranking medical officer in the Army of the United States on a tour of inspection, making 
clinical bedside rounds and giving helpful instruction and criticism to the ward officer. The 
consultant system, begun in World War I and enlarged in this War, is the key to improv- 
ing the quality of medical service rendered the patient. Particularlj* in the more forward 
areas, the average young surgeon is loaded with more responsibilitj' than he has been 
trained to assume. He is notablj-- conscientious and amxious that his patient should receive 
the best possible treatment. He is unable to follow the patient’s progi-cs-- after evacuation. 
Circulars and memoranda have a waj’ of not reaching him. OnK b\- the visits of consult- 
ants can he learn of his errors and of new methods and procedures. ^Militarj- surgen,' has 
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made groat strides, but oven more progress will be made if more emphasis is placed upon 
the quality of professional accomplishment. 


1 . 


IIociiwALT, W. 11.; Rooiais, S. C.; a.\u Culmcu, A. K., Jii.; Fnictures of tlio Femur. Bull., U. S. Army 
Med. Dept., No. SS, pp. SG-90, May'' 1915. 


DISCUSSION 

Du. Edwin I'. C.wi:, Bo.ston, Ma.ssaciiu.'<i;tt.s: During the early monlli.s of the campaign in the 
Pacific, the care of compound fracture.s was not the bent, — not because of neglect on the part of the 
Alcdical Corps, but because of the small number of ade(piately trained medical iiersonnel available in 
the Theater, because of the lack of traiusportation, and the great dintances of fi.xed hospitals from the 
areas of combat. 

When evacuation of patients by air became more eliicient in late 19-13, 19M, and 1915, no longer did 
wo receive at our General Hospitals malnourished, e.xhausted, anil dehyilrated patients, many of whom 
had malaria and sejitic comi)Ound fractures, — a nituation freipiently encountered during the early New 
Guinea campaign. Due to air evacuation, particularly from the Philippine battles, patients came to 
General Hosjutals within a few ilays. .All were rea.sonably well nourislied; their blood losses were not 
groat. Their wouiuls had been well cared for, and plaster immobilization had been \vell applied. Malaria 
was a mucli less frcipicnt complication. 

Upon arrival at the General Hospital, every “battle fracture’’ was seen promi)tly by a ward officer. 
He evaluated the general condition of the patient: for evidences of sejisis or blood loss; his state of 
nutrition and dehydration; and al.'O tlie condition of tlie injured e.\tremity, — its circulation, motion of 
the toes or fingers, anil evidence of local 5et)sis. 

If there was evidence of local sepsis or of circulatory difficulty, the patient was taken immediately 
to the operating room and the cast was removed. Not infrequently a small, inadequately debrided 
wound was found. Such wounds wore opened widely, fascial planes were released, and the wounds were 
packed loosely with fine-meshed gauze. We questioned the extensive use of vaseline gauze, which, at 
times, actually plugged the wound. 

The lower extremities were susiiendeil in the half-ring sjilint, with skeletal traction through the 
tibial tubercle or the os calcis. Plaster was used more often for the upper extremity, unless it was 
feasible to use skeletal traction through the olecranon. Hot fomentations were applied locally, and 
penicillin therapy was begun. Transfusions were used, as indicated. 

x\.ll femora which were in good position and not in ilanger of sepsis were left in plaster. The septic 
ones, or those with overriding, were iilaced in the half-ring splint, with skeletal traction through the 
tibial tubercle. Practically all were pulled into good alignment, if they were no older than three weeks. 
Essentially all patients whose fractures had kept good position during their evacuation to our Hospital 
were returned to the United States shortly after their reception, their wounds permitting, but only after 
a change of plaster. Patients with fractures, particularly' of the femur, which required reduction in our 
Hospital, were kept there until there was sufficient consolidation to prevent displacement during trans- 
portation to the United States. 

Based upon more than three years’ experience in a General Plospital overseas, I have the following 
comments which may interest the surgeons who served in tlie forward areas. It is not intended to criti- 
cize the surgeons in the advance stations, whose work was, as a rule, of the highest order. 

1. Adequate debridement was too often not done. 

2. Wounds were at times too tightly' packed with vaseline gauze; this was particularly true in the 
early days of the War and was not entirely unheard of as late as 1945. 

3. Not infrequently we believed that bone was sacrificed unnecessarily at the original debridement. 
The orthopaedic surgeon in the Reconstruction Hospital will beg of you to preserve every particle of 
bone which has the slightest chance of survival, with the hope that it will bridge the gap between the 
main fragments and thus make the eventual grafting simpler. 

4. Plasters applied in the forward areas were, on the whole, satisfactory. If there was adequate 
padding, there was no need to split the plaster casing prior to the evacuation to the rear. 

5. Wire splints were not good for transportation. 

Dh. W. H. McGaw, Cleveland, Ohio: From the Guadalcanal offensive to the completion of the 
initial campaigns in New Guinea — at Buna, Lae, and Finschaefen — our General Hospital, which hap- 
pened to be the first to arrive in the Southwest Pacific, was left farther and farther in the rear of the 
fighting. 

In those early campaigns, the wounded reached us from four to six weeks after injury. During that 
time, most of our patients were transported by hospital ship or overland in long Australian hospital 
trains. We frequently received from 300 to 500 patients in a convoy, and in one instance 700 patients 
were received in one day. Many of the patients who arrived by hospital train spent two or three nights 
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on the train. Medical officers from our General Hospital were always sent to meet these convoj's about 
a da 3 '’ before their arrival. These officers then checked each patient’s general condition and diagnosis. 
Patients were tagged for a particular service or ward before they left the train, and those in doubtful 
condition were earmarked for the first ambulances and for immediate surgical attention. Wounds were 
inspected, and casts were changed immediatelj", if necessary. Manj' of the patients received immediate 
transfusions of plasma or blood. All of the patients with compound fractures reached us in plaster casts, 
and, with the exception of those with fractures of the femur, most of them remained in plaster. Those 
with fractures of the femur were usualb' put in balanced skeletal traction until an adequate callus had 
formed. Then the patient’s limb was immobilized in a plaster spica for the long trip home across the 
Pacific, which usuallj’ took from three to four weeks. 

In some of the earlj' cases, tight vaseline packing was found in the wounds; presumablj' this treat- 
ment was used for the control of hemorrhage. A general anaesthetic was occasionallj' needed in the 
removal of such packing. Rarelj’ did a patient reach us without adequate debridement of the wound. 

In the spring of 1944, our Hospital was moved from Melbourne, Australia, to Finschaefen, New 
Guinea. There we began receiving much more recent cases. A few of these were transported by air, 
reaching us within two to four daj-s. Most of them, however, reached us b}" ship in from ten to fourteen 
days following the injury. 

The general condition of the patients in New Guinea alwa 3 's received primar 3 ' attention. It was the 
usual thing for a soldier to have lost from fifteen to twent 3 ^-five pounds even before he received his 
wound. Most of the patients with compound fractures showed signs of secondar 3 ' anaemia and deh 3 "dra- 
tion on arrival. As Colonel Eaton has mentioned, this condition of the patients facilitated reduction of 
the fracture, but definitel 3 ’- dela 3 -ed its healing. Man 3 ' of the patients arriving during this period had been 
evacuated from beach installations, and the 3 ’' had frequent^' been loaded and landed b 3 ’’ water craft and 
by amphibious ducks of all kinds. The 3 ' occasionally arrived with their casts softened b 3 ' salt sea spra 3 ' 
and even b 3 ' vomitus. Maggots were found in some of the wounds. In addition, a great number of the 
patients had high fever, due to malaria or hepatitis. Large quantities of whole blood and plasma were 
sometimes needed over a long period of time. Practically all of the compound fractures were boarded 
to be sent to the Zone of the Interior as soon as transportation was available and as soon as the condition 
of the fracture and wound was suitable for a trip across the ocean of from three to four weeks, usually 
not in a hospital ship. The patients with fractured femora, naturall 3 % had longer sta 3 's in our Hospital 
than any other group. Their average stay was about three months. 

The wounds were occasionally closed secondarib', and an effort was made to cover an 3 - exposed bone 
at the earliest possible moment. This was sometimes possible with relaxing incisions; split-thickness 
grafts and pedicle skin grafts were occasionally used to cover large wounds before the patients were sent 
home. 

The following table lists the t 3 'pes of compound fracture evacuated to the Zone of the Interior from 
our Hospital between April and September 1944. These patients were wounded during the Aitape, Hol- 
landia, Biak, Noemfoor, and Sansapoor campaigns. 



Number 

Per Cent. 

Tibia and fibula 

58 

27 

Femur 

49 

22 

Humerus 

37 

17 

Radius and ulna 

27 

12 

All others (except spine and skull) 

49 

22 

Total 

220 

100 


Twenty per cent, of the patients in this group sustained more than one compound fracture ; 15 per 
cent, had nerve involvement as well as the compound fracture. During this same period, onl 3 ' thirt 3 '- 
three simple fractures were boarded to the Zone of the Interior. 

During these extensive campaigns in the Southwest Pacific area, our Orthopaedic Consultant, 
Colonel Eaton, devoted much of his time to improxing the care of the wounded. He saw these patients 
m the portable, station, and evacuation hospitals, as well as in the rear general hospitals. During the 
active campaigns he was close to the firing, whenever possible, helping a team in one hospital and then 
another. Eventuall 3 ', he would see man 3 ' of the same patients at the rear hospitals. He was constantb’ 
returning with fresh suggestions and information for improvement in the care of patients. Dr. Eaton 
called this “leg work’’, when actuall 3 ' his was the important “head work” of constant progress. 
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In wiirtiino ii rohitivcly largo numhor of easels of paralysis of the radial nerve, which 
are usually associated with compound fractures of the lower two thirds of the humerus, are 
seen in Neurosurgical Centers. In cases where the nerve has been explored and found to be 
injured to such an extent that rei)air (“annot l)e acconii)lished, tendon transfer at the wrist 
results in function of the hand and wrist which approaches the normal in approximately 
two or three months. The authors are presenting the early results observed when tendon 
transplantations have been performed for irreparable lesions of the radial or dorsal inter- 
osseous nerve, which have had the nuixiimmi benefits of neurosurgery. If a careful tech- 
nique has been observed, a good re.'sult can be obtained in every case. 

The authors have had the opportunity of carrying out these procedures on twenty- 
two patients^* at McCloskey Ceneral Hospital. 'The techniciue of Billington, with the 
right-angle incision on the extensor surface of the lower end of the forearm, was employed 
in the earlier cases, and resulted in either a slough of the incision near the angle or con- 
siderable oedema of the fingers and dorsum of the hand. It was necessary to keep the 
patient in bed with the upper extremity elevated for three weeks in order to overcome the 
oedema. In addition, it was often technically diflicult readily to identify and release the 
necessary tendons for transplantation without an undue amount of traumatic handling 
of the tissues. 

The diflicultics encountered by the authors were contrary to those recorded by many 
experienced and capable authorities doing this type of work, who advocate wide exposure. 
The authors found that, by making several minor changes in the usual accepted techniques, 
better results could be produced in a shorter time, with no postoperative oedema; and early 
ambulation was possible on aiiproximately the second day after operation. 

The early results of the in-ocedures were so encouraging that they were performed in 
a few cases in addition to nerve repair. The advantage of the operation in this group is the 
speed with which the paralyzed hand is transformed into a useful member. The trans- 
planted muscles act more efficiently than a splint in helping to maintain the dorsifle.xed 
position of the wrist during the recovery of the nerve. The operation has also helped to 
dispense with man}'’ months of physiotherai)y, and has permitted early discharge from the 
Hospital. The possibility of overdevelopment of the dorsiflexors in those cases in which 
the radial nerve regains its power has been kept in mind by the authors. Unfortunately, 
it has been impossible to do a follow-up study after a lapse of time sufficient to justify a 
positive statement. 


TECPINIQUE 

The upper extremity is elevated during the preparation of the skin. A sterile elastic 
bandage is utilized to "milk” the hand and forearm completely of venous blood. A tourni- 
quet, similar to a blood-pressure cuff, is applied to the arm and the pressure is kept at 260 
millimeters of mercury. 

The tendon transplantations are performed proximal to the dorsal carpal ligament, 
which is not disturbed (Fig. 1, A). A two-inch transverse incision is made on the e.xtensor 
surface of the distal portion of the forearm, approximately one-half to three-quarters of 
an inch proximal to the proximal border of the dorsal carpal ligament. The skin edges are 
undermined for a distance of approximately three-quarters of an inch. The underlying 
large veins are carefully avoided. A small self-retaining retractor is inserted. A two-inch 

* An additional six patients have been operated upon and followed since this series was completed. 
The results confirm the conclusions already formulated. 
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longitudinal incision is made through the subcutaneous tissue and the deep fascia, parallel 
to the superficial veins, over the region of the extensor digitorum communis tendons. These 
tendons are isolated, along with that of the e.xtensor indicis proprius, and are retracted 
to the ulnar side of the wound with rubber-dam retraction. The tendon of the e.xtensor 
digiti quinti proprius is isolated and placed in the same rubber-dam retractor. 

The tendons of the abductor pollicis longus and the extensor pollicis bre\'is are then 
isolated and brought into the operative field by slipping a curved Kelly clamp under them. 

A rubber-dam retractor isolates them at the 



radial side of the incision. Lister’s radial 
tubercle is palpated and is a landmark for 
the nearby tendon of the extensor pollicis 
longus. This tendon is included with those 
of the extensor pollicis brevis and abductor 
pollicis longus in the rubber-dam retractor. 



Fig. 1 Fig. 2 

Fig. 1 : Demonstrates the incisions used in the operative procedure. 

Fig. 2: A: The tendon of the flexor carpi radialis has been pulled free through the proximal inci- 
sion. Clamp is on palmaris longus tendon, which is being carried to the same proximal incision. 
The flexor carpi ulnaris tendon has been retracted through its proximal incision and is being freed 
of its attached muscle fibers. 

B : Flexor carpi radialis tendon is being carried through its subcutaneous tunnel to the extensor 
surface of the forearm. The palmans longus tendon is bing free, awaiting its turn to be brought 
through the same tunnel. 


The forearm is fully supinated and the tendons of the flexor carpi ulnaris and the 
, flexor carpi radialis are identified by palpation, with the hand in cock-up position. It 
should be noted that the tendon of the fle.xor carpi ulnaris is on the radial side of the muscle, 
at the wrist. It is superficial to the volar carpal ligament, and is found approximately 
one-half inch from the ulnar border of the wrist. Although most surgeons have utilized an 
incision four or five inches long, so as to expose the entire course of these tendons, tlie 
autliors have found it possible to free them through a small, half-inch transverse incision 
made in the skin over each tendon in the region of the distal transverse crease of the wrist 
(Fig. 1, J5). The tendons are severed and are clasped with Kocher clamps. By exerting 
gentle traction on the proximal end of the severed flexor carpi ulnaris tendon, its location 
at the mid-forearm can be palpated. A half-inch transverse skin incision is made at this 
level. The Kocher clamp grasping the flexor carpi ulnaris tendon is then passed proximally 
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Fio.3 

A : Demonstrates appro.xiinate level of incision to isolate pronator tores tendon. 

B: Brachioradialis is retracted to one side, extensor carpi radialis longus and extensor carpi 
radialis brevis to the other side. The underlying pronator teres tendon h.as been severed. 

C : Tendon of pronator teres has been passed through musculotendinous portion of extensor 
carpi radialis longus and extensor carpi radialis brevis. 



to the proximal transverse incision, and the tendon is extracted through it (Fig. 2, A) . The 
muscle fibers on the flexor carpi ulnaris tendon are removed with a scissors, so that only the 
tendon remains. Some difficulty has been encountered in releasing this tendon, and this 
can probably be overcome by using tendon strippers of the proper gauge. A curved Kelly 
clamp is passed subcutaneously from the ulnar portion of the incision on the extensor sur- 
face of the forearm, proximally around the ulnar portion of the forearm, to the proximal 
incision on the flexor surface. The previously freed tendon is grasped and threaded through 
its subcutaneous tunnel. This should be deep to the large veins of the forearm. 

The severed flexor carpi radialis tendon is passed proximally through a similar incision 
over the mid-portion of the flexor surface of the forearm, and then distally, subcutaneously,, 
on to the radial portion of the extensor surface of the forearm (Fig. 2, B) . The four small 
transverse incisions are closed. 

The forearm is next placed in mid-position, and a longitudinal incision, one and one- 
half inches in length, is made over the site of insertion of the pronator teres tendon 
(Fig. 3, A). The brachioradialis muscle is retracted to one side; the tendons of the extensor 
carpi radialis longus and the extensor carpi radialis brevis are retracted to the other side 
The pronator teres tendon is severed along its radial insertion (Fig. 3, B). 

The wrist and fingers are dorsiflexed, and the thumb is dorsiflexed and abducted by 
the assistant. This position must be maintained for the remainder of the operation and 
until a plaster splint has been applied. 
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A stab wound is made trans- 
versely through the substance of 
the tendons of the extensor carpi 
' radialis longus and the extensor 
carpi radialis brevis. The pronator 
tendon is passed through these tun- 
nels and sutured to each tendon 
with interrupted sutures of No. 0 
chromic catgut (or silk) by the 
method described by INIayer (Fig. 
3, C). The protruding portion of 
the transplanted tendon is excised. 
This is necessary to prevent adhe- 
sions being formed with the sur- 
rounding soft tissues, which will 
limit range of motion. Skin closure 
is effected. 



The tendon of the fle.xor carpi 
ulnaris is similarly passed through 
and sutured to the extensor tendons 
of the index finger, middle finger, 
ring finger, and little finger, by the 
buttonhole technique of Mayer 
(Fig. 4, B) . The holes in the recipi- 
ent tendons are made with a mos- 
quito clamp, which is pushed firmly 
through them at the desired levels. 
It was found that a No. 11 blade 
occasionally severed a small segment 
of one side of the buttonhole, if the 
operator was not unusually careful. 
The clamp method provides some 
additional safety, and was there- 
fore adopted. The transferred ten- 
don is passed through the newly 
made buttonholes, and is fixed to 
each paralyzed tendon by means of 
a small suture through both the 
proximal and distal ends of the but- 



Fig. 4 

A: Tendon of palmaris longus has been threaded tlirough 
that of abductor poUicis longus. Flexor carpi radialis has 
been placed through tendons of extensor pollicis brews and 
extensor pollicis longus. 

B : Tendon of flexor ca^i ulnaris has been brought through 
tendons of extensor digiti quinti proprius, extensor digitorum 
communis, and extensor indicis proprius. 


tonhole. That of the flexor carpi radialis is likewise passed through and sutured to the 
tendons of the thumb (the extensor pollicis longus and extensor pollicis brevis, and the 
abductor pollicis longus) (Fig. 4, A) . The extensor pollicis longus tendon is ditdded one- 


fourth of an inch proximal to the muscle transfer. The fascia and subcutaneous tissue are 


closed with interrupted sutures of No. 0000 chromic catgut, -which cover the recently trans- 
planted tendons. The skin is closed. 


In suturing the transplanted tendons into the donor tendons, the site of transfi.xion is 
chosen by pulling taut the paralyzed tendons and appro.ximating the tendons to be trans- 
ferred. Too much tension, however, is not desirable; it should appro.ximate the physio- 
logical in degree. Sterile dressings are applied and are held in place with sterile sheet 


cotton. A plaster-of-Paris splint is then applied to the flexor surface of the e.xtremity, 
maintaining the fingers in complete extension and the wrist in 30 degrees of cock-up posi- 
tion. The plaster extends from the proximal third of the forearm to the distal interpha- 
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hingeul joints, und is hc'ld snugly in place with an edastio bandage. The tourniquet is then 
removed. No case of tourniciuet paralysis has hcen encountered. 


II the lesion is that of a dorsal interosseous nerve, the transplantation of the pronator 


teres tendon is not necessary. 

After operation, the lorearin is elevated hy 
means of an irrigation stand for from one to two 
days. If no oedema is present, the i)atient is allowed 
to get iq), with his upper extremity in a sling. From 
the time the patient has recovered from the anaes- 




Fio. 5-A Fig. 5-B 

Deiuon.'itrate tyiio of i)la.-?lor-of-raris .splint ummI for po.-jtoporativc coiivalcsuenco. 


thesia, he is encouraged to move the entls of his fingers. At the beginning of the fourt 
week after operation the sutures are removed, and gradual active motion of the trani 
planted tendons is started. The patient is followed closely and is instructed in the propc 
use of the transplanted tendons, so that re-education is effected in a relatively short tinn 
At the beginning of the fifth week, the plaster splint is worn only at night; it is cliscarcle 
at the sixth week. The iiaticnt is started on some type of occupational therapy, requirin 
the use of his fingers and hands. Physical therapy should not be employed in these cases 
since active use of the tendons is the best method of muscle re-education. 

SELECTION OF CASES AND RESULTS 

Operation was performed upon those patients who had an irreparable injury, witl 
loss of function of the radial or dorsal interosseous nerves. There had to be sufficien 
strength in the tendons to be transplanted so that they might act as motors. 

In injuries of the dorsal interosseous nerve, the flexor carpi ulnaris and flexor carp 
radialis were utilized rather than one of the extensor carpi radialis tendons, because botl 
of the latter are necessary to stabilize the wrist in order to allow for good grip of the fingers 

Recently the pahnaris longus tendon, where present, has been transplanted into tin 
abductor pollicis longus tendon, rather than the flexor carpi radialis being used in all three 
thumb tendons. This, according to Bunnell, gives a better working thumb, although it if 
not entirely necessary. Various modifications of this procedure were used in instances oi 
localized tendon paralysis, due to wounds of individual muscle bellies. War wounds pro- 
vide varied bizarre types of injuries which are ordinarily not seen. 

We have operated upon twenty-two cases, of which fourteen were injuries of the com- 
plete radial nerve and two were injuries of the dorsal interosseous nerve. Six were localized 
injuries of the extensor tendons. Good results were obtained in all cases. Each patient lefi 
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Fig 6-A Fig 7 

Two cases of complete iadial-nei\e injuiy, showing lange of motion of fingeis and waist before 
operation. 



Fig 6-B • Same case as Fig 6-A. Shows condition six weeks after operation 

Fig. 8 Another patient; excellent result three and one-half weeks after operation is demonstrated 


the Hospital with a functioning hand that had a strong, usable gidp. Each case was re- 
viewed by the Chief of the Orthopaedic Service and the Chief of the Neurosurgeiy Service, 
and was judged an excellent result. DorsiBexion at the wrist was possible to 25 dcgi-ees 
above the straight line. Extension of all the fingers to completion was obtained at the inter- 
phalangeal joints. Complete extension at the metacarpophalangeal joints of the index 
finger, middle finger, ring finger, and little finger lacked approximatelj^ 15 degi-ees At the 
thumb, however, complete extension and abduction were accomplished. 

The earlier cases, in which the right-angle incision was used, were dela 3 'ed in their 
recovery bj'^ sloughing at the angle or by oedema of the dorsum of the hand. With the 
modified technique, this has not occurred thus far. 

Xote; The helpful suggeations and cooperation of Lieutenant Colonel Harrj' C. Blair, Chief of the 
Orthopaedic Branch, ha\ e made this study possible. 


VOL. 28, xo. 3, JULY 10-lG 




II. ALTMAN AND H. II. TIJOTT 


M6 


lUil-'iiKKNCKS 

BiLLiNG'iox, R. W.: Ic’iuioii 1 ruiibpliiiUiilion for Mu.‘'CuloHpir!ii (Radial) Nerve Injury. J. Bone and 
Joint Siirg., 4; 5JS-517, July 11)22. 

Buxnui.l, STi;iir.i.N(!: Surgery of the Hand. Bliiladelidda, J. B. Liijpineott Co., 19 M. 

JoNi;s, Roui:ut: lendon Iransjilantalion in Ca.-e.s of AIuBCulo.'jpiral Injuries not Amenable to Suture. 
Am. J. Slug., 35: 333-335, 1921. 

Mai nil, Lno; iendons, Ganglia, Alubclea, I'a-Bcia. In Lcwi.s' Braetice of Surgery, Vol. Ill, Chapter V. 
Ilagcratown, Alaryland, W. F. Rrior Co., Inc., 1915. 


BURSITIS IN THE REGION OF THE FIBULAR COLLATERAL LIGAMENT 

BY I. E. IIENDUYSON, M.D., DENVER, COLOR.VDO 

Voshell and Brantigan ^ have shown tliat bursitis in the region of the tibial collateral 
ligament is a distinct clinical entity. Tlie author is not aware, however, of any report con- 
cerning a similar occurrence on the lateral aspect of the knee. In view of the frequency 
with which the lateral aspect of the knee is mentioned in connection with the diagnosis of 
“cyst of the lateral meniscus”, the necessity for a description of bursitis in this region be- 
comes apparent. 

The purpose of this paper is to establish the identity of bursitis of the fibular collateral 
ligament as a definite clinical entity, to describe its pathology, and to consider its therapy. 

HISTORY 

The universal complaint associated with this bursitis is pain on the outer side of the 
knee. The pain is not characteristic, but descriptions of it range from “aching” and “burn- 
ing” to “knifelike” and “stabbing” in quality. It is aggravated by exercise and, in most 
cases, is relieved by rest. In general, the duration of the discomfort is evaluated in terms 
of months rather than of days. 

Causing almost as much concern to the patient has been the presence (in five of six 
cases) of a small swelling or “bunch”, localized in the painful area on the outer side of the 
knee. The patient is not certain whether the mass appeared before or after the onset of 
pain, but he does know that the mass is slowly becoming larger and that it undergoes no 
remission. 

• . It is difficult to assess the cause of his trouble, but the patient usually recalls a direct 
violence, a series of small injuries, or a repeated “banging” of the knee against some object, 
which, he feels, is of etiological significance. From a mechanical point of view, the knee 
bothers very little. Locking or blocking in the offending part is promptly denied. The 
patient may be aware of slight “insecurity”, but no slipping has been noted. 
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Fia. 1 

Low-power view of section of bursal mass, which at operation was lying under and a little anterior 
to the fibular collateral ligament. Several bursae and the adjacent groundwork are shown clearly. 



Fig. 2 

High-power visualization of the area outlined in Fig. 1. Shows the structure of two of llie larger 
bursae, and a small one in the center of the section. 
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PHYSICAL EXAAIIXATIOX 

Examination reveals signs ^Yhicll are located entirelj- on the outer aspect of the knee, 
in the region of the fibular collateral ligament. Inspection may reveal a well-localized 
swelling at the joint line, varying from 0.5 to 3 centimeters in size. There is no ei-idence of 
intra-articular effusion. Upon palpation, the mass may be semi-fluctuant or firm in char- 
acter; it is not freely movable, and is tender to pressm-e. Its location may be directly over 
the fibular collateral ligament, or in juxtaposition to one of its edges. The overlying skin 
may be tense, but it does not exhibit the signs characteristic of an inflammatorj* process. 

Tenderness is specific, and is confined to a small area at the joint line, or just inferior 
to it. In the cases in which no mass is evident, the tenderness is elicited by pressm-e on the 
ligament as it crosses the areas mentioned. Adduction of the extended tibia on the femur 
produces the pain. Internal rotation of the fle.xed limb will also produce the pain in most 
cases. 

Stability and motion of the knee are usually not involved. Full extension may be 
voluntarily resisted, however, due to pain caused by pressure of the ligament on the bursal 
mass. One patient has been seen in whom the mass was large enough to afi’ect the integrity 
of the ligament, causing 5 degrees of lateral instabilitju 

DLAGX03IS 

Without surgerj^ it may be impossible to prove the diagnosis conclusive^. With the 
characteristic historj', signs localized in the area of the fibular collateral ligament, and pain 
upon adduction of the tibia, however, such a diagnosis is warranted. When aspu-ation of the 
fluid in the mass is possible, radiopaque material may be injected, so that the bm'sa will be 
visualized upon roentgenogi-aphic e.xamination. 

P.ATHOLOGIC.AL FIXT)IXGS 

Gross Appearance 

The semifluctuant swelling may lie directly under the fibular collateral ligament, or it 
may project anteriorly or posteriorly to it. When seen in the central position, the fibers of 
the ligament are taut and show thinning. The mass lies outside the synovial membrane, 
has no intimate connection with the meniscus, and is encapsulated by its surrounding 
areolar elements. Upon removal, it feels rubber)^ to touch, as though it had fluid at its 
center. It is cut with about the same ease as dense fibrous tissue, and permits the escape of 
small amounts of clear, yellow, viscous fluid. The central portion consists of several sacs 
of various sizes, surrounded by considerable fibrous tissue, which gives the whole a multi- 
locular appearance. 

Microscopic Appearance 

The striking feature is the presence of several punched-out areas, irregular in shape, 
variable in size, and containing no visible exudate. In the main, these areas are lined by a 
layer of flat irregular cells, characteristically bursal in nature; but in some cases they be- 
come multicellular, with pyknotic and ovoid nuclei. 

The groundwork and the tissue adjacent to the bursae are composed primarily of 
fibroblasts, densely laid down, and orderly in appearance. A few scattered round ceils are 
noted in this fibrous tissue and, rarely, a neutrophil is seen. There is an increase in the 
smaller vascular elements throughout. 

In sections which contain, in addition, the lateral meniscus, there is no evidence of 
change in the inherent fibrocartilaginous structure, nor evidence of association of that 
structure in the pathological process described. 
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TUEATMENT 

Miuuigoincut of this coiiditiou is fuiKlaineiitally the same us that of bursitis in othei 
locations. Those patients revealing no mass respimd favorably to injection with novocain 
support, and rest. 

It is felt, however, that, in the majoritj’’ of ])atients seeking treatment, some enlarge- 
ment is present which requires attention. Aspiration of fluid from the mass is not uni- 
formly successful. When it can be accomplished, subscciuent rest and support of the knee 
are indicated; this often results in arrest of the condition. 

The tendency for the pathological changes to involve more than one bursa leads to 
the conclusion that surgical removal of the entire mass is the treatment of choice. This 
procedure is not diflicult, and requires only that protection of the fibular collateral liga- 
ment be assured. In those cases in which the mass underlies the central fibers of the liga- 
ment, adequate e.xposure is secured by making an incision longiftidinal and parallel to 
them. Anterior or posterior enlargements may be ai)proachcd by retraction of the ligament. 

After operation, support is maintained (by means of slieet wadding and elastic- 
bandage dressing) throughout the period necessary for complete healing of the soft tissues. 
Early weight-bearing is permitted, and active motion is desirable only to the extent that 
it produces no undue pain. Quadricejjs-setting exercises arc instituted on the first day 
after operation, but other physiotlierapy is not employed. 

DISCUSSION 

Although the pathological findings have boon concerned wholly with cases in which a 
mass is present, it is reasonable to assume, from our general knowledge of the bursitides, 
that the condition exists and can produce symptoms without evidence of a visible or 
palpable enlargement. Such a case has been included in Table I, but the diagnosis has not 
been definitely proved by microscopic examination. 

Although one bursa may be responsible for the gross appearance of the mass, it is 
evident microscopically that others of smaller size are involved in the same process. More 
often, multiple bursae arc equally affected, giving rise to a multilocular enlargement. This 
fact explains the difficulty encountered in attempts at aspiration, and also points to the 
possibility of future recurrence. 

The similarity of the condition to cystic degeneration of the meniscus emphasizes the 
need for care in dissecting out the mass at the time of operation. In bursitis, no involve- 
ment of the cartilage is observed and meniscectomy is unnecessary. It is evident that 
cartilages have been sacrificed which were free from any pathological condition other than 
that of lying adjacent to a bursa in the region of the fibular collateral ligament. 

1. VosHELL, A. F., AND Brantigan, 0. C.; Bursitis in the Region of the Tibial Collateral Ligament- 
J. Bone and Joint Surg., 26: 793-79S, Oct. 1944. 
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AIR ARTHROGRAPHY AS AN AID TO DIAGNOSIS OF LESIONS 
OF THE jMENISCI OF THE KNEE JOINT 

BY SQUADRON LEADER E. W. SOMER\ULLE 
Royal Air Force Volunteer Reserve 

Since the outset of World War II, many men have exchanged their comparatively 
sedentary ways of civilian life for the more energetic life in the Ser^’ices, with the result 
that the number of minor injuries has increased considerabljL The knee joint is one of 
the regions most frequently affected, and injuries vary from simple sprains to the more 
extensive lesions in which the structures of the joint are torn or fractured. 

Sometimes the clinical differentiation of these lesions is difficult. Thus in some cases, 
the correct diagnosis cannot be made until arthrotom 3 " has been performed. For this reason, 
attempts have been made in the past to devise methods to aid or to reinforce the clinical 
examination. 

Foremost among these methods has been the use of roentgenogi-ams. First a contrast 
medium is injected, which may be either positive or negative, and which outlines the soft 
structures of the joint. Various media, such as oxygen, air, and uroselectan, have been used, 
and many different positions for taking eft'ective roentgenogi-ams have been advocated by 
Kleinberg, Quaintance, Cullen and Chance, Hauch, and Somerville. 

A technique of outlining the menisci, without injection of a contrast medium, has been 
described by Dittraar, bj’^ Rubin, and by Evans. This method depends upon the phenom- 
enon that, when the articular surfaces of a joint are forciblj' separated, a thin line of 
translucency appears, which outlines the true joint space. If the separation of the articular 
surfaces is maintained, the translucency lasts for as long as ten minutes. Any fluid in the 
joint makes this translucency impossible. It is believed that the translucency is due to 
the extraction of gases from the tissues, as a result of the negative pressure. In the case 
of the knee joint, the separation of the articular surfaces can be obtained bj’- forcibly 
adducting or abducting the tibia on the femur. 

In the present series, 331 knees have been examined by air arthrography. The tech- 
nique employed combines the more important features described by previous workers. 
While the basis of the technique has remained the same in all cases, many variations in 
detail have been tried and improvements have been made from time to time. 

TECHNIQUE 

In the earlier cases in the series, air arthrogi’aphy was done separately from the 
clinical examination and the examination under anaesthesia. In subsequent cases, the 
following routine was found to be more satisfactorj’’; 

After a skin preparation of forty-eight hours, the patient is taken to the operating 
theater, where the clinical examination is repeated and the straight roentgenograms are 
reviewed. Pentothal-sodium anaesthesia is used; the knee is e.xamined; and any abnor- 
malities are noted. The towels used in preparation are removed, and the skin is cleaned 
with alcohol. The knee is then filled with air, which is injected through a needle of 
medium bore, inserted in the outer side of the joint at a level with the lower pole of the 
patella. Prior to injection, the air is filtered through cotton wool; a twenW-cubic-centi- 
meter sj'ringe with a two-way cock is used IFig. 11. 

After the needle has been removed, the puncture wound is sealed with mastisol, and a 
dressing is applied. Towels are reapplied and are fixed securely so that they will not. slip 
with subsequent manipulation. Should a lesion be found, the patient will be readj- for 
operation on the following day. He is then transferred to the X-ray Department. 


VOL. 28, NO. 3, JULY 1940 


■fol 



452 


E. \V. HOMKUVIt.LK 




Fig. 2 

Ciirvod .^tand, siiowing cas- 
M'tlc in po.-'itioii. 


Roc>it(jc>io(jmph}j 

The apparatus oiuploycil in taking tla* roiMitgenogranis consists of a stand, six inches 
high, with a curved top, into whicli a curved cassette, eiglit inches Ijy ten inches, can be 
inserted tFig. 2). A sinus cone, sixteen inches in length by two and one-half inches in 
diameter, is used; the distance from tube to tilm is ap[)roximately twenty-four inches. 
Fifty-five milliamperes, forty-five kilovolts, and 0.4 second of exposure are given. 

A crepe bandage is aiiplied (irmly above the knee in order to express the air from the 
suprapatellar pouch and to raise the intrajoint pressure temporarily. By this technique, 
a smaller quantity of air can be used, with greater advantage. 

Certain routine views are taken first in all cases, and later other views are taken 
which may be suitable in a particular case. The routine views have been labeled iM.l, 



The four routine views of each meniscus. 


M.2, J\'1.3, M.4 (medial) and L.l, L.2, L.3, L.4 (lateral) ; they ai’e tangential views of the 
menisci (Fig. 3). Anteroposterior and lateral roentgenograms of the whole joint are also 
taken; and, in certain cases, axial views of the patella. 

Views 1 to 3, medial and lateral, are taken with the knee slightly flexed over the 
enrved stand at an angle of approximately 150 degrees. The cone and tube are adjusted 
so that the central ray is focused on the center of the stand at the level of the knee joint, 
with the cone at an angle of 80 degrees to the horizontal. The operator extends the 
patient’s knee slightly until the tibia and the cone are at right angles to each other, at 
which time the central ray should pass through the side of the joint being examined. By 
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Fig. 4 Fig. 5 

Fig. 4: Shows position and technique for taking routine views. Xote crepe bandage firmly 
applied above knee. View jM. 2 is being taken. The tibia is being abducted on the femur during 
the exposure, thus widening the inner side of the joint. 

Fig. 5: Technique employed in taking Views M.4 and L4. M.4 is being taken. The knee is 
fle.\-ed to 90 degrees, while the thigh is steadied with one hand and the tibia is internally rotated 
with the other hand. 


this means, all the views may be taken by simply 
moving the knee and rotating it to whichever side is 
necessary, with no further adjustment to the cone or 
the stand e.\cept for the insertion of fresh cassettes. 

Two views can be obtained on each film; if three cas- 
settes are used, the entire examination can be com- 
pleted in about two minutes. 

The position of the joint is localized by palpa- 
tion; with practice, this method has proved sufficiently 
accurate. The use of a fluorescent screen to outline 
the joint exactly is time-consuming and unnecessary. 

While each view is being taken, the tibia is either 
abducted or adducted forcibly on the femur, in order 
to widen the side of the joint being e.xamined (Fig. 4). 

If the knee is in full extension and the lateral ligaments are intact, it is impossible to 
widen either side of the joint; but, if the knee is slightly fle.xed, the lateral ligaments are 
relaxed, and even in the tightest joint a certain amount of widening can be obtained. This 
procedure proved satisfactory in Views 1 to 3 (medial and lateral) . Occasionally, however, 
a lesion in the posterior part of the meniscus will not be seen by this method, but may be 
demonstrated by a different technique. 

For this purpose, the patient is turned on his side and the knee is flexed to an angle 
of 90 degrees with a flat cassette, six inches by eight inches, beneath it. The cone is brought 
down to the knee and is focused so that the central ray will pass through the back of the 
joint. The tibia is rotated medially or laterally on the femur IFig. 5), so that either the 
medial or the lateral tibial condyle will be posterior, and will therefoi-e be outlined clearljq 
with the respective meniscus on the posterosuperior aspect. 

Since the conclusion of this series, a technique has been devised for outlining the 
articular cartilage of the patella and the adjacent articular cartilage of the femoral con- 
dyles. The knee is filled with considerably more air than is used for the otiier views. The 
compression bandage is applied above the knee, and the knee is flexed over the curved 
stand to the greatest extent possible without obliterating the patellar tap. With an 
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ordinary dental occlusal film pressed hard into the patellar ligament, immediately above 
the tibial tuberosity, a roentgenogram is taken, as shown in Figure 6. 


INTERPRETATION OF ROENTCiENOGRAMS 

Upon examination of a straight roentgenogram of a knee containing air, the following 
soft- tissue structures may be seen; botli menisci, tlic cruciate ligaments, the articular 
cartilage, and a retropatellar pad of fat. There is a clear outline of the joint itself and of 
the communicating bursae. The bony detail aLso appears better defined than is usually 
seen in roentgenograms of joints nut containing air. Unfortunately, many of these shadows 
overlap and produce a misleading appearance. On the outer side of the joint, the shadows 
are further comidicated by the presence of the tendon of popliteus, which separates the 
lateral meniscus from the fibular collateral ligament. The synovial sheath of this tendon 
is filled with air. The number of misleading shadows is considerably reduced — though, 
unfortunately, not completely excluded — by the technique previously described of widen- 
ing the joint on one side. 


Normal Appearance of j\Ienisci 

The normal appearance of the menisci is shown in Fig- 
ures 7 and S. These diagrams show the average shape and 

relative size of both menisci, hut 
^ I considerable variation may be 

seen without a significant ab- 
. j normality being present. In each 

L X view, the meniscus is seen in 

K cross section. 

/ Medial Meniscus: The me- 

\ dial meniscus is firmly adherent 

^ to the capsule and to the tibial 

, collateral ligament pcripherallv 

Diagrammatic reprosenta- . . , , , , . , t -rr- r 

tion of six routine views of m its whole length. In View M.l, 

the menisci, as seen bj' air nieniscus is small and tri- 
arthrography. mch view IS , • i i •, i 

taken separately. angular in shape and it docs not 


SfACC. TOK 


A 


Diagrammatic representa- 
tion of six routine views of 
the menisci, as seen bj' air 
arthrography. Each view is 
taken separately. 



Fig. S 


Diagrammatic representa- 
tion of View AI.4. The me- 
niscus can be seen, lying 
on the posterior lip of the 
medial tibial condyle. 



Fig. 9 Fig. 10 Fig. 11 

Fig. 9: View M.l, showing a normal medial meniscus at its anterior end. A, Meniscus; B, air in 
joint; C, femoral articular cartilage. Inset shows average size and shape of meniscus. 

Fig. 10; View M.2, showing normal medial meniscus at its mid-point. A, Medial meniscus. Inset 
shows differently shaped meniscus which is often seen. 

Fig. 11: View M.3, showing normal medial meniscus in its posterior portion. A, Medial meniscus, 
which is a little longer than usual. Inset shows more usual size. 
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protrude far into the joint. As examination continues posteriorly, the triangular shape of 
the meniscus is maintained, but its size is increased considerably in Views !M.2 and jM. 3 
(Figs. 9, 10, and 11) , and it can be seen protruding farther 
between the articular surfaces. 

In jM. 4, the meniscus can be seen lying on the pos- 
terosuperior aspect of the tibial condyle, with its periph- 
eral attachment sweeping away posteriorly to form a 
pouch filled with air (Fig. 12) . In a normal knee, there 
is no break in the smooth line. A second pouch filled 
with air may sometimes be seen beneath the peripheral 
attachment of the meniscus, lying between it and the 

Fig. 12: View M.4, showing normal medial meniscus {A), 
lying on posterior lip of medial tibial condyle. 



Fig. 12 



Fig. 13 Fig 14 Fig 15 


Fig. 13: View L.l, showmg normal lateral memscus m its anterior portion (A). Inset shows normal 
shape and size of meniscus. 

Fig. 14: View L.2, showing normal lateral meniscus at mid-pomt. A, Memscus; B, small separa- 
tion produced by tendon of popliteus Inset shows normal arrangement. 

Fig. 15: View L3, showing normal lateral meniscus m posterior portion. A, Meniscus; B, normal 
separation; C, sesamoid bone in gastrocnemius. 



Fig. 16-A Fig 16-B 

Fig. IG-A: Arthrogram sliowmg bucket-handle lesion of medial mem=tus. .1, Outer rim; B, 
displaced bucket handle. Fig. 16-B: Shows meniscus subsequently excised. ’ ’ 
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Fui. 17-A Fig. 17-Ii 

Fig. 17-A: Artlirogram .allowing l)iifket-liaii(ile tear of lateral inciii.-'cu-!. --I, Outer rim; B, 
ilisplacotl bucket liaiullc. 

Fig. 17-B: Shows mcni.'cu.s after excision. 

? 

tibia (Fig. 29). This is usually small in size; but, if it is hirge, it may indicate a loosely 
attached meniscus. These aiipeaninces suggest strongly that, when the normal knee is 
in a position of fle.xion, there is a tendency for the meniscus to be drawn out of the back 
of the joint. 

Lateral j\Ieniscus: The lateral meniscus is entirely dilYerent from the medial meniscus 
in shape and size. Antcriorl)^, in L.l it is long and thin, extending from the capsule, with 
which it is continuous, well into the joint, and it is raised from the tibia (Fig. 13). As the 
examination continues posteriorly, it becomes more triangular in shape. In L.2 it may be 



Fig. 18-A Fig. 18-B 

Tear of posterior horn of medial meniscus, as shown in Views M.4 and M.3. A, Tear of 
posterior horn; B, displaced portion of meniscus; C, peripheral rim. 
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either continuous with the capsule, or, as is more 
frequently the case, slightly separated from it by 
ythe tendon of popliteus (Fig. 14). In L.3 it is al- 
ways separated peripherally from the capsule by 
a wide gap, which again is produced by the tendon 
of popliteus. This peripheral separation should 
not be mistaken for a tear. It is always present, 
but is usually not wider than three-eighths of an 
inch. Its presence makes the interpretation of 
lesions of the lateral meniscus more difficult than 
those of the medial meniscus (Fig. 15) . 

^ View L.4 is not very satisfactory, and present 
experience indicates that it would be unwise to 
^place much reliance upon it. The appearance is 
similar to that seen in !M.4, but it is not so clear 
and the posterior part of the separation produced 
by tJje tendon of popliteus may be i^erj' misleading. 

Lesions of Menisci 

Fig. 18-C 

It IS usually possible to make a definite diag- memscus itself, 

nosis from an arthrogram as to what type of tear 

is present in a meniscus, but in certain cases it is onlj-- possible to say that a lesion is 
present. This is particularly true of the lateral meniscus. 

Bucket-Handle Tears: These lesions can be diagnosed with considerable accuracy, 
both in the medial and lateral menisci, particularly if the bucket-handle portion is dis- 
placed into the intercondylar notch. If, however, the displaced portion is veiy small, as is 
occasionally the case, it maj'- not be possible to differentiate it from the shadows of the 
^cruciate ligaments in the intercondylar notch. It is safer, therefore, to diagnose this lesion 
by the presence of a small, irregular outer rim, and to ignore the shadows in the center of 
the joint. If the bucket handle is not displaced, a definite split can be seen in the cartilage 
substance itself (Figs. 16-A, 16-B, 17-A, and 17-B). 



Fig. 19-A Fig. 19-B 

. Fig. 19-A; Arthrogram showing irregular tear of posterior horn of medial meniscU', as seen 
m View M.3. 

Fig. 19-B: Excised meniscus. 
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FlO. 20-A 



Fia. 20-B 


Fig. 21-A 


Fig. 21-B 


^A/T. HofKN 



SeF'A/iATfoiV^ 


Fig. 20-A: Tear of posterior horu; seen 
in View M.4, but not in other views. 

Fig. 20-B : Excised meniscus. A, Dis- 
placed portion of meniscus; B, peripheral 
rim ; C, small tear. 

Figs. 21-A and 21-B: Peripheral tear 
of medial meniscus, as seen in Views M.2 
and M.3. A, Peripheral tear. No outer 
rim seen in M.2, but faint rim is seen in 
M.3. B, Displaced portion of meniscus. 

Fig. 21-C: Excised meniscus. 


f^osT. Horn 


Fig. 21-C 
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Fig. 22-A 

Figs. 22-A and 22-B: Peripheral tear of lat- 
eral meniscus, as seen in Views L.l and L2, 
resulting in widening and lengthening of the 
normal separation, due to tendon of pophteus. 
A, Separation; B, meniscus. 

Fig. 22-C : Excised meniscus. 

Fig. 23-A: Arthrogram in View M.3, showing 
tear near the periphery of a medial meniscus. 

Fig. 23-B : Excised meniscus. 


Fig. 22-B 


Mtanui 
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Fig. 22-C 





Fig. 23-A 



osTAMeo 


Fig. 23-B 
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Fig. 21-A Fig. 21-13 

Fig. 2'1-A: Artlirograin in 3'ii'\v M.2 .'liow.s .■'OvimcIv contii.'-ed ineni.^cii.s. A, Contused me- 
niscus. 

Fig. 2‘1-I3: Fxc'i.''('d lueni.-cu.s. 'I'lic !i|)piir<‘iit .^plils in the ineni.'cus :uc due to tlie fuel: tliat it 
was removed in .several piece.s, tlirougli two inci.-'ions. 


Lesions oj the Anterior and Posterior Horns: Lt'-sions of tlie posterior horn arc se 
in Views jM.3 and L.3, and may al.so he seen in .M.4; View L.4 is unreliable. When ti 
lesion is in the medial meniscus, an obvious split can be seen, which may appear to I 
cither in the meniscus itself or at its peripheral attachment. In ’M.4, the lesion is seen ( 
the posterior lip of the tibial condyle. 

Peripheral tears of the lateral meniscus consist of enlargement, either forward ( 
backward, of the separation which is normally produced by the tendon of popliteus. Th 
permits undue mobility of the meniscus, which can be seen displaced toward the center ( 
the joint, lying between the condyles of the femur and the tibia. This results in widenir 
of the normal peripheral sciiaration. If this separation appears to be wider than one-ha 
inch, a lesion is probably present (Figs. 22-A and 22-B). 



Fig. 25-A Fig. 25-B 

Arthrogram, in View L.2, sliows severely contused lateral meniscus, with large anterior 
A, Contused rim of meniscus, containing small but definite split; B, large anterior tag 
and lying in intercondylar notch; C, definite area of erosion and thinning of articular caituan 
of femur, subsequently confirmed at arthrotomy. 
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Fig. 27-A Fig. 27-B 

Fig. 27-A: Arthrogram in View L.l, showing tear at periphery' of lateral discoid meniscus. 
A, Peripheral attachment; B, main body of meniscus; C, peripheral tear. 

Fig. 27-B: Excised meniscus. 


Miscellaneous Lesions: Other types of lesions of the menisci should be considered. 

1. Persistent Remnants of Posterior Horn: Pieces of menisci of various sizes may be 
seen, usually in the views of the posterior horn, following incomplete meniscectomy. The 
size of the remnant is always exaggerated on the arthrogram. 

2. Contused Menisci (Figs. 24-A and 24-B) : This type of damaged meniscus has 
perhaps not received sufficient recognition. The clinical picture is often rather indefinite. 
Locking and giving way of the knee are unusual. In the arthrogi-am, the outline of the 
meniscus is rounded and irregular and appears to be smaller than usual. The appearance 
often suggests that a bucket-handle lesion may be present, with the displaced bucket 
handle concealed by the shadows in the intercondylar notch. 

3. Tag Lesions: Pedunculated tags result from old longitudinal or oblique tears, in 
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Fiq. 30 Fig. 31 

Fig. 30; Arthrogram showing View M.4, following meniscectomy. A, Small rim remains. 

Fig. 31 : Arthrogram in View M 3, showing lesion of medial meniscus and semimembranosus 
bursa, containing loose body. A, Damaged medial meniscus; B, loose bodj^; C, semimembranosus 
bursa. Aithiotomy was not performed in this case. 


which one end of the tear has become separated and secondary deformation of the tag has 
occurred. If the tear is oblique, a horizontal split is seen in the arthrogram. This lesion 
appears to occur more frequently in the lateral meniscus. Loose tags arising from the body 
of the meniscus, however, are more common on the medial side than on the lateral side. The 
tag itself may not be seen clearly, as it tends to lie across the joint, overlapped by the 
anterior and posterior articular margins of the tibia. The outline of the meniscus itself is 
reduced in size and is irregular (Tigs. 25-A and 26- A) . 

4. Discoid Menisci: Because the center of the discoid meniscus is very thin, it does 
not throw a clear shadow and the appearance may suggest that a large meniscus is present 
with a displaced bucket-handle lesion. Sometimes, however, a definite split can be seen 

(Fig. 27-A). 
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5. “Hypermobile” Lesions: That hyper-- 
mobility of a meniscus exists to a degree 
sufficient to cause sjuuptoms has long been 
challenged. In the present series, tme hyper- 
mobility was demonstrated (and proved by 
operation) on only one occasion. In this case 
the posterior horn appeared to be detached 
from the tibial spine. The arthrogram in 
View AI.4 shows the posterior part of the 
meniscus drawn well out of the joint, although 
how much of this is really meniscus and how 
much is synovial membrane is difficult to tell 
(Fig. 28). At arthrotomy, it could be seen 
quite definitely that, when the knee was 
flexed, the meniscus was drawn out of the back of the joint; and, when the joint was ex- 
tended, the meniscus returned between the articular surfaces. In doing this, it caught on 
the posterior lip of the tibia and resumed its normal position with an audible click. The 
meniscus itself was undamaged. Although it is not intended in this communication to 
discuss the results of treatment, it is interesting that this patient’s symptoms were cured 
by meniscectomy. 

In one other patient a similar appearance was obtained in AI.4, but the degree of 
mobility was much less marked (Fig. 29) . The meniscus can be seen drawn out of the 
back of the joint more than is usually the case; there is a pouch of air above and below it. 
Unfortunately, arthrotomy could not be undertaken in this case. 

Other Joint Lesions 

Lesions other than those of the menisci can be demonstrated with less accuracy. They 
are as follows: 

Erosion of Articular Cartilage: It is possible to demonstrate only e.xtensive and deep 
erosion of the articular cartilage. Attempts to demonstrate erosion of the articular surface 
of the patella have proved more promising with the technique previously described. These 
results, however, are not included in the present series (Fig. 32) . 

Loose Bodies: In the present series only two cases of non-osseous loose bodies were 
shown; both of these were of large size. Small loose bodies, subsequently found in conjunc- 



Fig. 32 

“Skyline” ^•iew of patella, showing outline of 
articular cartilages (.4), with air between. 


TABLE I 

Results ijt Cases in Which a Lesion was Dlagnosed 


Diagnosis by 
Arthrogram 

Number 
of Knees 

Number of 
Arthrot- 
omies 

Number Proved 

I Correct by 
.Arthrotomy 

Pathological Findings in Cases of 
Incorrect Arthrographic Diagnosis 

Number 

Pathological Findings 

Tears of medial 

146 

138 

I 130 

3 

No lesion 

meniscus 


1 

1 

2 

Svnovial tag 



1 


1 

No lesion as diagnosed, but 






lesion found in other meniscus 





, 1 

1 Loose bodv 





I 

Tear of anterior cruciate 






} ligament 

Tears of lateral 

45 

43 

41 ' 

‘ 1 i 

1 No lesion 

meniscus 




’ 1 ; 

I Sj-novial tag 

Tears of both 

21 

20 

! 20 



menisci 






Other lesions 

4 

4 

1 4 



Totals 

216 

205 

j 195 

10 

1 

1 
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tion with other lesions Jit iirthrotoiny, were not visible on the roentgenograms. In severai 
knees, loose bodies were demonstrated on the arthrogram when they were not seen on the 
straight anteroposterit)r and lateral views, but this was proliably due to the number oi 
views taken. It is doubtful whether arthrograiihy helps in the discovery of loose bodies 

Osteochondritis Dissecans: Although this lesion can be seen more distinctly with air 
in the joint, in rdl cases the diagnosis had already been estiddished by sti’aight I’oent- 
genogi'ams. 

Semimembranosus Bursa: Following the injection of air into the joint, the bui'sa can 
fi’equently be palpated clinically and is found in a number of knees in which its pi’csence 
had caused no symptoms, fn one knee, a semimembranosus bursa was seen, which con- 
tained a loose body (Fig, 31). 


UESUL'fS 

In the present series, 331 knees have been e.xamined by air arthi’ogi’aphy. A variety 
of lesions have been deinonsti'ated, — some with ease and some with great ditTiculty. At 
the beginning of the series, the diagnosis was less accurate than it was later, owing to lack 
of experience in interpretation, which led to a pi’oportion of the eri’or’s. No selection of 
cases was made. 

Of the 331 knees which have been examinerl, lesions wer’c diagnosed in 216 and were 
not demonstrated in 108. There were seven failures. 

Of the 108 knees in which no lesirm was found, the clinical signs and history in 
twenty-one wer'e such that the negative diagnosis was considerx'd to be in doubt and an 
arthrotomy was performed. Of these cases, sixteen weix found to have no lesion and five 
to have a lesion of some type. 

Table I presents the I’esults in the 216 knees in which a lesion was diagnosed. Two 
hundred and five came to operation and, of those, 195 were found to have lesions, as 
diagnosed. There were 130 lesions of the medial meniscus and forty-one lesions of the 
latei’al meniscus. Thci'c were twenty douirle lesions and four other lesions, such as osteo- 
chondritis dissecans. 

Of the ten in which a positive diagnosis was made incorrectly, four had no lesions, 
three had synovial tags and hypertrophied rctrojiatcllar pads of fat, one had a loose body, 
one had a torn anterior cruciate ligament, and one had a lesion in the meniscus opposite 
that in which it was diagnosed. 

In twenty-one knees there were double lesions, twenty of which came to operation. In 
twelve of these, the second lesion was unsuspected before the arthrogram was made. 

Excluding the seven failures, therefore, there was an apparent inaccuracy of fifteen 
(ten errors of commission and five of omission) in 324 knees, or an inaccuracy of 4.5 per 
cent. This figure may not be exact, as there is no certain way of knowing ho^v many of the 
negative diagnoses were correct, or wdiethcr the diagnoses were accurate in the eleven 
patients upon whom operation was not carried out. 

All but one of the seven failures were due to the presence of fluid in the joint. It 
would appear that an excess of fluid is a contra-indication to air arthrography. Aspiration 
of the fluid, before the injection of air, is insufficient. Turning the knee, wdien taking the 
views, so that the part of the meniscus being x-rayed is uppermost and therefore away 
from the fluid, is not entirely satisfactory. Synovial fluid is viscous and tends to cling to 
the menisci, thus obscuring their outlines in a certain number of cases. It is therefore more 
satisfactory to allow the fluid to be absorbed by rest and immobilization. 

Lesions other than those of the menisci are much more indefinite, as articular cartilage 
shows up rather indistinctly and non-osseous loose bodies, unless of considerable size, are 
not usually seen. Only four lesions of this type, unassociated wfith lesions of the menisci, 
were seen in this series. 
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There have been no severe reactions following the injection of air into the knee joint; 
although, in about one quarter of the knees investigated, some effusion was produced. This 
did not persist for more than a few days and did not give rise to subsequent symptoms. 
In all cases in which the erythrocyte sedimentation rate was determined, it was normal. 
The effusion was probably the result of a mild irritative effect of the air. The air is usually 
completely absorbed in from four to seven days. 

COXCLUSIOXS 

1. In the large majority of injuries of the menisci, the diagnosis can be made on 
clinical grounds alone. Air arthrography is, however, useful as an aid to diagnosis, par- 
ticularly in mixed lesions, such as tears of the anterior cruciate ligament associated with 
tears of the menisci, or simultaneous lesions of both menisci. The diagnosis of lesions of 
the medial meniscus is simpler than the diagnosis of lesions of the lateral meniscus. 

2. Arthrography is of less value in the diagnosis of other lesions of the knee joint, 
but is occasionally useful. 

3. Arthrography affords interesting information regarding the movements of the 
menisci during flexion and extension of the knee. These movements can be studied both 
with roentgenograms and by fluoroscope. When the knee is flexed, the medial meniscus 
tends to be drawn backward out of the joint, and for this reason is not trapped. 

4. Although the injection of air into a joint may produce a transient effusion, this is 
in no way harmful. Arthrography is a safe and simple procedure, when done with full 
aseptic precautions. 

Note: The author is iadebted to .A.ir Commodore H. Osmond Clarke and to Wing Commander 
A. A. Butler for their adnce and criticism. 
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DISEASES AND DEFECTS OF THE MUSCULOSKELETAL SYSTEM 

IN A[R-CRE\V TRAINEES 


UV MAJOIt KDW'AUD LISTO.V 
Medical Corps, Army oj the United Stales 

From the Ojjice oj the Surgeon, Army .-l/r Forces Training Command, Fort Worth, 'Texas 

The following study is based on a survey of diseases and defects of the musculo- 
skeletal system observed in 344,13-1 men who were examined for air-crew training (as 
bombardier, navigator, or pilot) at Army Air Forces Classification Centers and Army Air 
Forces Basic Training Centers. The group upon which these examinations were done was 
not a cross section of the average j)opulation. It was a selected population in the following 
respects: The ages ranged from seventeen to twenty-seven years; the men examined were 
presumably healthy; and they had been screened by at least one prev’ious physical exami- 
nation. The men were very anxious to pass the examination, and this caused them to 
conceal defects and deny sjunptoms. 


TABLE I 

Dise.\sks and Defects of the Foot 


Congenital defects 6 

Artliritis 

Specific 2 

Non-specific 5 

Traumatic 1 

Other types 3 

Osteomyelitis 

Specific 1 

Non-specific 4 

Osteochondritis 1 

Ankylosis 

Postinfectious 1 

Posttraumatic 2 

Posttraumatic deformity 5 

Amputation of portion of foot 8 

Fracture 

Malunion 1 

Non-union 6 

Paralysis of muscles 2 

Hallux valgus 8 

Hallux varus 1 

Hammer toes 13 

Pes planus 

Second degree, non-symptqmatic 3 

Second degree, symptomatic 191 

Third degree, non-symptomatic 43 

Third degree, symptomatic 181 

Rigid type 4 

Pes cavus 

Other diseases or defects -o 


Total 


METHOD OP EXAMINATION 

The physical examination carried out on this population was that prescribed by Army 
regulations for flying personnel. This examination is intended to be highly standardized 
and rigorous, but, under conditions of mass selection, it necessarily varies in uniformity 
and quality. 

The examination of the musculoskeletal system was done with the examinees stripped. 
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TABLE II 

Dise.\ses and Defects of the Joints and Stnovlu: AIembbanes 


Genekal 


Congenital defects 8 

Arthritis 

Acute infectious, non-gonorrheal 12 

Acute infectious, gonorrheal 4 

Rheumatoid S 

Atrophic 11 

Hypertrophic 24 

Posttraumatic 31 

Osteo-arthritis 5 

Osteochondritis 15 

Ankylosis 

Postinfectious 5 

Posttraumatic 19 

Posttraumatic deformity 7 

Calcification of joint capsule 4 

Limitation of motion due to disease and defects of soft parts, alone or in combination 46 

Luxation 2 

Subluxation 11 

Recurrent sprains 35 

Other diseases or defects 43 

Shoulder 

Recurrent dislocation 24 


Hip 


Legg-Perthes disease 8 

Coxa vara 3 

Coxa valga 1 

Slipped epiphysis 1 

Posttraumatic deformity of joint 5 

Knee 

I'Sgg-Perthes disease 2 

Fractures and dislocations of semilunar cartilage 68 

Recurrent dislocation of semilunar cartilage 27 

Operation for fracture or dislocation of semilunar cartilage 7 

Laceration of cruciate ligaments 9 

Genu varum 1 

Relaxation of ligaments and joint capsuie 24 

Recurrent dislocation of patella 2 

h racture of patella with non-union 2 


Total 474 


A group of examinees, the size of which depended upon the area of the examining room 
and the number of medical examiners available, stood facing the examiners in staggered 
lines so as to allow full inspection of each individual. Scars, deformities, and abnormalities 
of the musculoskeletal system were recorded. The examinees then performed a series of 
exercises, designed to disclose abnormalities of function. Under ideal conditions, this close 
search for defonnities and the tests for range of motion of joints, muscle coordination, 
strength, and agility should have made manifest all but a minimum number of structural 
defects, weaknesses, and musculoskeletal abnormalities. In practice, this ideal standard 
could not be reached when it was necessary to examine large groups. 

Among the 344,134 examinees, a total of 1,856 (5.39 per 1,000) disqualifying defects 
^ere found in 1,561 men (4.53 per 1,000). The results of the examinations are shown in 
Tables I to VIII, inclusive. 


ANALYSIS OF FINDINGS 

Chart I shows the relative frequencj’- of defects, according to the categories in Tables 
I to VIII. 
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DISTRIBUTION OF PHYSICAL DEFECTS 
IN AIRCREW TRAINEES 


DISEASES a DEFECTS 
OF 


IV - MUSCULO-SKELETAL SYSTEM 


MUSCULO-SKELETAL SYSTEM 


total CXAUINEO ]4A,I}4 

total OISOUALIFICO 1,361 

total OCFCCTS 1,036 

OISOUALIFICO PCD 1,000 (XAUINCCS 4 33 

OCFCCTS Pen 1,000 IXAUmLlS 3.3A 


CATCGORICCO 0/ CAUSE 


1.60 Fccr 


1 02 TRAUMATIC* 


I 30 JOIRTS 


I 73 OCveiOPUCNTAL 


O 70 VCR tCOHAC 



0 06 PELVIS 


Cir.vuT I 


0.J9 A/^THRUtC 


0.39 CONCCNITjU. 


0.20 tNfCCTlOUS (AATH/liTlS CXCLUOCO) 


0.14 01STUA02D IHNCAVATION 


0.03 NtO^LAOTlC 


* /Utt p§r 1,000 I 

ClI.UlT II 


TABLE III 

DiriEASKS AND DkKKCTS OF TUK VkUTKIIUAK 


CONOENITAL 

Spina bifida 

Occulta 

Vera 

Spondylolisthesi:) 

Spond3’losis 

Hemivertebra 

Sacralization of lumbar vertebra 

Other congenital defects 

Infectious 

OsteomjTelitis, non-tuberculous 

Osteitis 

Spondylosis 

Osteochondritis 

Other infections 

Tii.vuimatic 

History of fracture 

Fracture-dislocation 

Dislocation 

Posttraumatic deformity 

Other defects 


Cause Undetermined 


Scoliosis 

Kyphosis 

Herniation of nucleus pulposus .... 
Hypertrophy of ligamentum flavum 
Symptomatic lordosis 


Total 


19 

4 

31 

3 

7 

9 

11 


o 

2 

2 

3 

4 


S7 

2 

S 

10 

16 


21 

11 

12 

1 

2 
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Chart III 


TABLE IV 

Diseases axd Defects of the Boxes of the Extremities 


Congenital deformities 11 

Osteitis 2 

Periostitis ! i 

Osteomyelitis 

Mon-tuberculous 46 

Tuberculous 1 

Osteochondritis 2 

Fracture 

Malunion 25 

Non-union so 

Internal fixation 1 

oynostosis 3 

New growth '.!'.!!!!!!!!!!!.!!!.!..!.!! lo 

other diseases or defects 35 


Total 167 


Chart II shows the relative frequency of these defects and diseases, according to the 
following categories: 

1- Defects due to injury. 

2. Defects of structural development. 

3. The arthritides. 

4. Congenital defects. 

5. Defects due to infection.* 

6- Defects of innervation. 

7. New gi-owths. 


RESULTS 

The interpretation of the physical findings was subject to differences in clinical judg- 
ment and in the application of pertinent regulations. These factors resulted in variations 
0 the disqualification rates for various conditions by different examining units. Such ill- 
0 ined conditions as flat-foot were subject to the greatest range of variation.. 

Chart III illustrates the variation in disqualifications by different e.xamining units 

Only one case of tuberculosis of the skeletal system was reported. 

'OL 2S, XO. 3. JULY 104C 








470 


EDWARD LISTON 


TABLE V 

Diskases and Defects of the Hand 


Congenital defects 5 

Arthritis 

Non-specific 
Atrophic . . . 

Other types 1 

Osteochondritis 3 

Ankylosis 

Postinfectious 3 

Posttraumatic 12 

Deformities 

Postinfectious 5 

Posttraumatic 20 

Amputation of portions of hand 69 

Fractures 

Malunion 2 

Non-union 1 

Paralysis of muscles 3 

Other diseases or defects 7 


Total 135 


TABLE VI 

Diseases and Defects of the Skull 


Congenital defects of bones of vault 1 

History of fracture 114 

History of craniotomy 4 

Traumatic defects S 

Other diseases and defects of vault 1 

Other diseases and defects of bones and face 1 


Total 129 


TABLE VII 

Diseases and Defects of the Muscles, Tendons, Fasciae, and Bursae 


Muscles 

Congenital defects 

Myositis 

Posttraumatic deformity 

Paralysis 

Atrophy 

Other diseases or defects 


Tendons and Fasciae 

Congenital defects of tendons 

Laceration of tendon 

Tenosynovitis 

Other diseases or defects of tendons 

Diseases or defects of fascia 


Bursae 


Chronic bursitis 
Total 


17 

14 

4 

6 

38 

16 


1 

2 

2 

4 

2 


5 


111 


for defects of the hands and feet. The ten examining units examined different numbers of 
men, ranging from 13,500 to 50,000. The numbers of examinees were large enough to 
exclude factors of chance. The rates of disqualification for flat-foot varied from 0.11 to 
3.74 per 1,000 in different examining units. The disqualification rates for other defects of 
he foot and for defects of the hand showed no such wide variation. 
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TABLE YIII 

Diseases and Defects of the Pelvis 


Osteomyelitis 1 

Fracture 

Non-union 3 

Malunion 2 

Other diseases or defects 13 


Total 19 


TABLE IX 

Conditions Regarded as “Causes” of Backache 


Spina bifida 

Occulta 19 

Vera 4 

Spondylolisthesis 31 

Spondylosis 3 

Hemivertebra 7 

Sacralization of lumbar vertebra 9 

Osteitis of vertebra 2 

Spondylosis 2 

Osteochondritis of vertebra 3 

Fracture of vertebra S7 

Fracture-dislocation of vertebra 2 

Dislocation of vertebra 8 

Posttraumatic deformity of vertebra 10 

Scoliosis 21 

IvjTDhosis ] 11 


Total 219 


TABLE X 


White Air-Crew 

Selectees Applicants 

(Per 1,000) {Per 1,000) 


Rejections for musculoskeletal defects * 22.6 3.41 

Rejections for flat-foot 4.9 1.23 

Rejections for other foot defects 1.4 0.38 


*E.vcluding defects of the feet for both groups, and a history of skull fracture in the case of air-crew 
applicants. 


These findings suggest that, among medical ofiicers, there is common agreement 
neither as to what constitutes flat-foot, nor as to the degree of flat-foot which should be 
considered disqualifying. The term “flat-foot” will remain unsound semantically until 
meticulous definitions of each degree of flat-foot are generally agreed upon. In the present 
^tate of confusion, it might be better to discontinue the use of this phrase and to substitute 
such terms as “foot strain”, “torsion of the talus”, “relaxed plantar ligaments”, “pronation 
of the foot”, and “structural weakness of the foot”. These terms at least suggest an 
attempt at diagnosis, and they can be given more meaning by grading the conditions as 
mild, moderate, or severe. Such diagnoses are open to criticism, but they are an improve- 
ment on the term flat-foot, which merely describes certain anatomical variations, as inter- 
preted by varying schools of orthopaedic thought. 

IX shows the number of cases of various conditions sometimes considered to 
be “causes” of backache. When roentgenograms reveal such defects as those listed in 
Table IX, it has become customary to regard the findings as confirmatory evidence of the 
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organic causes of backache. These air-crew applicants may be presumed to have been 
free of backache, or at least to have been confident that they could “get by”, during their 
training; yet they showed a moderate number of the “causes” of backache. Since the 
skeletal system was not examined by roentgenogram routinely, but only when there was 
special indication, it is certain that the “causes” of backache are far more common than 
were reported for these examinees. There is strong evidence to suggest that frequently 
these defects exist without causing symptoms, and that their presence is not conclusive 
proof that a complaint of backache has an organic basis. 

It does not necessarily follow that, because an individual with a backache is found to 
have an abnormality of the vertebral column, which existed before his symptoms de- 
veloped, his backache is caused by the abnormality. Despite the presence of such roent- 
genographic findings, the backache may be due to other causes, such as prostatitis or 
psychoneurosis. 

A detailed comparison between the disqualifications per 1,000 among air-crew appli- 
cants and the rejections of white Selective Service registrants, as reported by Rowntree, 
McGill, and Edwards is not possible, due to differences in the methods of recording the 
defects. The comparisons in Table X, however, indicate that the air-crew applicants were 
a highly selected group. 

The relatively low rate of disqualification for musculoskeletal defects justifies the 
policy of screening applicants for physical defects before they are sent to air-crew exam- 
ining centers. 

1. Rowntree, L. G.; McGill, K. H.; and Edwards, T. I.: Causes of Rejection and the Incidence of 
Defects Among 18 and 19 Year Old Selective Service Registrants. J. Am. Med. Assn., 123: 181-185, 
1943. 
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ACUTE INSTABILITY OF THE LIGAMENTS OF THE KNEE 
AS A RESULT OF INJURIES TO PARACHUTISTS 


BY CAPTAIN UOBEUT M. lUCIIMAN AND KIllST LIEUTENANT KENNETH 0. BARNES 
Medical Cttrpx, Army oj Ihc United Stales 

r^Iodern military training has greatly increased the incidence of traumatic instability 
of the knee. This has been esiieeially evident at Fort Bcnning, a Post devoted to advanced 
infantry training, where the violent combat exercises and obstacle courses in Officer 
Candidate School, as well as the hazards peculiar to parachute jumping, make injuries of 
the ligaments of the knee a source of many hospital admissions. These injuries are serious, 
not only from the point of view of the prolonged initial disability, but also because of the 
high incidence of late symptoms. Too frequently, these patients complain of persistent 
pain, weakness, and instability in their knees and show an increased susceptibility to joint 
effusions after subsequent trivial injuries. The present study was undertaken with the aim 
of minimizing these residual sj’inptoms. 

The literature on injuries to the ligaments of the knee is remarkable for the contra- 
dictions and divergent statements on all phases of the subject. Even the surgical anatomy 
is variablj' interpreted, as described by Brantigan and Voshell in 1941. Within the past 
five years, however, a number of outstanding investigations have crystallized certain 
facts from the mass of diversified opinions, and there is now general agreement on at least 
the following points: 

1. The knee is a complicated weight-bearing joint with a combined hinge, gliding, 
and rotary action. 

2. The joint is supported by active muscle power, as well as by the ligaments. 

3. The ligaments also serve to direct the muscle power. 

4. The ligaments are mutually reinforcing and function as a team, so that the loss of 
a single ligament does not produce a major instability. 

5. Solitary ligaments are rarely injured. 

6. The knee should be considered as a functional unit. 

This concept of the knee as a functional unit (the “physiologic joint” of Palmer) is 
fundamental. Aluch of the confusion in the literature can be traced to neglect of this 
principle and to preoccupation with the individual ligaments or elaborate surgical recon- 
structions, with insufficient emphasis on the ultimate functional recovery of the knee as a 
whole. 

The purpose of this paper is twofold: first, to describe a new mechanism of injury 
causing instability of the ligaments of the knee; and, second, to report the results of con- 
servative treatment in a large series of cases. 

CLINICAL MATERIAL 

This series comprises eighty-five cases of acute instability of the ligaments of the knee 
treated at this Post during the past three years. In every case, abnormal mobility was 
demonstrated clinically; if any doubt existed, or if the initial examination did not spe- 
cifically describe instability of the joint, the case was excluded from consideration. Also 
excluded were such acute derangements of the knee as “sprains” and effusions without 
instability, dislocated patellae, ordinary meniscal tears, and unstable knees due to de- 
pressed fractures of the tibial plateau. Late cases of instability were similarly excluded, 
a though a few of them were followed in order to observe the effects of intensive quadriceps 
exercises, and to study the incidence of degenerative changes in the joint. No attempt w'as 
made to use these cases as controls. 

In Table I the cases are arranged according to the cause of injurj’-, the severity of 
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TABLE I 


Etiology, Type, and Severity op Instability of Ligaments of the Knee 



Number 

of 

Cases 

Side 

1 Predominant Instability 


Severity 


Mechanism of 
Injury 

Right 

Left 

' Abduc- 
tion 

Adduc- 

tion 

Other 

Mild 

Moder- 

ate 

Severe 

Un- 

deter- 

mined 

Parachute injuries : 
Opening shock 

59 

10 

49 

59 

0 

0 


8 

30 

16 

Landing impact 

8 

1 

7 

5 

2 

1 



2 

2 

Obstacle courses 

9 

2 

7 

8 

1 

0 

1 


0 

4 

Sports 

5 

3 

2 

5 

0 

0 

2 

1 

0 

2 

Miscellaneous 

4 

2 

2 

3 

0 

1 

j 

1 

0 

0 

3 

Totals 

85 

18 

67 

80 

3 

2 

11 

15 

32 

27 


injury, and the type of instability. Since the ligaments are mutually reinforcing, it is im- 
possible to determine from clinical examination of a given knee exactly which ligament or 
set of ligaments has been injured; the pattern of instability has therefore been described 
in terms of the direction of abnormal mobility. The overwhelming majority are abduction 
injuries, but few of them show a pure, unmixed instability. The usual clinical picture is a 
diffuse instability in more than one axis, and the most common clinical pattern is a 
“severe-abduction-plus-moderate-anterior” instability, involving the left knee five times as 
frequently as the right knee. Other types were rare ; one complete anterior dislocation and 
three adduction injuries were observed. 

The severity of injury is tabulated by measuring the degrees of angular widening of 
the joint space, as compared with the patient’s opposite knee (Figs. 5-A and 5-B) . This is 
more satisfactory than West’s method of recording the “spread” of the joint space in 
millimeters, since it takes into account the appreciable laxity of some perfectly normal 
knees and is less subject to roentgenographic distortion. To facilitate the measurements, 
an adjustable hinged frame was constructed, on which the thighs were strapped together; 
roentgenograms were made while the legs were abducted simultaneously. 

The following standards are suggested for gauging lateral instability: 

Angular Widening of the Joint Space 


Mild Moderate Severe 

Position of Knee {Degrees) {Degrees) {Degrees) 


Full extension 0 to 2 3 to 5 Over 5 

Semiflexion (15 degrees) 0to4 5 to 10 Ov^r 10 


The following standards are suggested for gauging anteroposterior instability: 


Tibial Shift 



Mild 

Moderate 

Severe 

Position of Knee 

{Millivieters) 

{Millimeters) 

{Millinieters) 

Flexed to 90 degrees 


5 to 10 

Over 10 


These numerical values for “mild”, “moderate”, and “severe” were established arbi- 
trarily. Although some investigators may feel that they are too high or too low for a 
particular situation, they at least fill the need for a concise and objective basis for clinical 
examination. Throughout this study, every effort was made to secure uniformity of obser- 
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Fig. 1 

Diagrammatic sequence of events in the “opening-shock” parachute injury. At phase No. 6, the 
; left lower extremity is abducted by the taut suspension lines, which tear the tibial collateral liga- 
ment. The opening shock is a force of considerable violence, occasionally causing fractures of the 
shaft of the femur or separation of the symphysis pubis. 

vations by systematizing the method of examination and adhering to objective standards. 
Consistency in reporting results was further assured by the fact that the authors personally 
treated 80 per cent, of the patients and followed their progress at monthly intervals, as 
long as they remained at Fort Benning. 

MECH.ANISM OF INJURY 

The majority of the patients were student parachutists who injured the left knee in 
the “opening-shock” phase of the parachute jump. Although this unique mechanism of 
injury concerns primarily the military surgeon, so many cases have accumulated that the 
sequence of events should also be of general orthopaedic interest. 

^ ^ Instead of leaving the plane in the approved feet-first, feet-together position, the para- 
chutist dives out headfirst and is carried by his own momentum into a left-oblique somer- 
sault. As he tumbles forward, his left leg becomes entangled in the slack suspension lines 
of his parachute (Fig. 1) ; and then, when the canopy snaps open in mid-air, the left knee 
IS wrenched violently upward and sideways.* The pain is excruciating; the jumper feels 
as if his knee were dislocated. He usually manages to land with his weight on the un- 
injured limb, without much additional pain; and then he either limps away or is picked up 
y medical corpsmen and transported to the hospital. 

t Mrplane has a single exit on the port side. This is undoubtedly the reason for the pre- 

■ .iH'ini'i®® to the left knee in the opening shock. The definite lateralization to the left laiee 
mg injuries produced by other mechanisms is not explained so readily. 
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This composite history has been substantiated by experienced instructors at The 
Parachute School and is further confirmed by tlie presence of brush burns on the leather 
along the medial aspect of the jumper’s left boot, indicating where the suspension lines 
scraped across and applied the abducting force (Fig. 2) , 

The actual parachute landing corresponds to a free fall of about fifteen feet; but, due 
to uneven terrain, wind drift, and parachute oscillation, the nature of the impact is highly 
unpredictable. Most parachute injuries occur upon landing but, strangely enough, 
severe tears of the ligaments of the knee are relatively rare at this time, and they do not 
conform to such a uniform clinical pattern as opening-shock injuries. 

Very few of the injuries in this series were produced by the more conventional mecha- 
nisms. Six per cent, were due to football and other sports, and 10 per cent, were incurred 
on obstacle courses, generally as the result of jumping from a height. These injuries tended 
to be relatively minor. 


EXAMINATION AND DIAGNOSIS 


As stated earlier, the pathognomonic feature of these injuries is abnormal mobility of 
the knee. In most cases, however, the instability was evidently overlooked during the 
initial examination, and the patient was usually admitted to the hospital with the diagnosis 
of internal derangement of the knee or traumatic synovitis, with no hint of the serious 
ligamentous damage. This failure to recognize the true nature of the lesion is understand- 
able, since frequently the knee may be too painful to permit deliberate testing for insta- 
bility, or the instability may be masked by effusion or muscle spasm. It is true, neverthe 



Fig. 2 


less, that a properly performed clinical exami- 
nation will reveal the diagnosis. Several char- 
acteristic features distinguish the lesion: The 
patient walks guardedly, if at all ; he observes 
his footing carefully and, when moving to the 
examining table, he cradles his injured limb 
over the good one. He gives a history of severe, 
direct violence, in contrast to the relatively 
trivial injuries which cause meniscal lesions. 
Typically, he complains that the knee “buckles 
inward” when he missteps. The knee shows 
soft-tissue swelling, tenderness, and frequently 
ecchymosis over the tibial collateral ligament, 
generally maximum at its femoral insertion. 
Full extension is prevented by pain and spasm, 
rather than by organic block, as is the case 
with dislocated menisci. The amount of intra- 
articular fluid is variable; in the more severe 
injuries less fluid accumulates, since it drains 


Actual brush burns on the parachutist’s left 
boot. Compared with Fig. 1. (.Photo hy U. S 
Army Signal Corps.) 


through the capsular tear and escapes into the 
soft tissues. In recent, severe injuries, the torn 
structure is often palpable as a loose, tender. 


subcutaneous mass along the course of the tibial collateral ligament. 

Since the demonstration of abnormal mobility determines not only the diagnosis, but 
also the treatment and prognosis, the technique of examination merits special consideration. 
The ligaments are not considered individually, but stability is evaluated in terms of func- 
tional loss. Figure 3 illustrates the method of determining abduction instability, which 
is the type most frequently encountered. This is measured first in semiflexion— the posi- 
tion of effort— and then with the knee extended to the normal standing position. Adduc- 
tion instability is estimated similarly. The knee is then tested for genu recurvatum, and 
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it is fimvll}’ relaxed in 90 degrees of flexion 
to measure anteroposterior instability. 

If the knee is too painful to permit 
adequate relaxation, some form of anaes- 
thesia is recommended by Bolder, by 
Palmer, and by West. The authors prefer 
a low spinal anaesthesia, consisting of 
fifty milligrams of novocaine; this abol- 
ishes pain and reflex muscle spasm, yet 
preserves enough voluntary muscle power 
to facilitate the application of a cast. 
With the patient thus relaxed, examina- 
tion can be deliberate and unhurried. The 
knee is tested for all types of instability; 
it is fle.xed through a full range of motion 
to rule out organic block; and, if neces- 
sary, fluid is aspirated. 



Fig. 3 

A convenient position for eliciting abduction in- 
stability. Relaxation of the thigh muscles is essen- 
tial for an adequate e.xamination. 


TRE.ATMENT 

The present treatment is based on Bohler’s dictum that the ligaments of the knee, in 
common with ligamentous structures elsewhere, unite satisfactorily if they are immobilized 
long enough in the proper position. Accordingly, the patients are immobilized in plaster 
casts from toes to groin; the knee is maintained in varus position (or other corrective posi- 
tion, depending upon the type of instability) and in about 30 degrees of semiflexion. This 
relieves the major tension from the capsule and from the cruciate and collateral ligaments, 
and is the most comfortable position for an injured knee. It is e.xpedient to apply the cast 
in two sections; the lower half is allowed to harden before the knee and thigh are incorpo- 
rated. In this way, the unstable knee is easier to control, and accurate alignment of the 
joint is assured. 

The duration of immobilization varies according to the severity of the injury. After 
three or four weeks, the knee is stable enough in general to permit weight-bearing; and the 
initial cast is replaced by a snug walking cylinder, which holds the knee in 5 degrees of 
fle.xion. The patient wears this cylinder for another three to five weeks ; immobilization is 
usually discontinued at the end of from six to ten weeks. 

From the very beginning of treatment, a continuous program of exercises is main- 
tained in order to preserve the tone and substance of the thigh' musculature. Some quadri- 
ceps atrophy inevitably occurs while the cast is in position, and the average limb shrinks 
one and one-half inches in circumference, as compared with the opposite thigh; but, as 
soon as the cast has been removed, exercises are intensified to make good this loss. Each 
patient is required to devote an hour a day to supervised quadriceps exercises, starting 
with simple flexion and extension of the knee in bed, and progressing through knee bends, 
leg raising, chair climbing, weight lifting, running, and cross-country bicycle rides, to the 
limit of his power and endurance. Pain alone is not regarded as a contra-indication; in 
fact, the only valid reason for suspending, or even decreasing, the quadriceps exercises is 
the presence of soft-tissue induration or of chronic joint fluid, which increases after a 
provocative test. Barring such a complication, however, exercises are pursued as ener- 
getically as possible. The more effort the patient expends, the more rapid is his recovery 
(Chart 1)3.12.14. 

In connection with the problem of support for the knee after the cast has been re- 
moved, a wide variety of appliances — from adhesive strapping to steel knee cages — have 
been advocated; in the patients described here, however, no supports were used other than 
a Thomas heel with a quarter-inch medial wedge. Hinged casts and braces are not physio- 
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Ch-vut I 

Composite graph of the rate of quadriceps recovery in thirty-two cases. There is a remark- 
ably close relationship between the recovery of the thigh musculature and the functional 
capacity of the Imee. 

* Case complicated by a diffuse unilateral muscle atrophy, presumably secondary to old 
poliomyelitis. 

logical; no mechanical hinge can support the knee during its complex motions. Bandages 
and adhesive strapping merely limit the range of motion and promote further muscle 
atrophy; this in itself is sufficient to condemn them, apart from the fact that they furnisl: 
no real support for a weight-bearing joint. The heel wedge, on the other hand, is comfort- 
able; it takes excess strain off the tibial collateral ligament; and it does not induce the 
patient to favor the limb. Further protection for the injured ligaments is assured by 
assigning the patient to limited military duty for at least six months from the date ol 
injury, or until healing is considered complete. 

ANALYSIS OF RESULTS 

In order to secure an objective analysis of end results, and to avoid such vague classi- 
fications as “good”, “fair”, and “poor”, the authors have worked out a system of evaluat- 
ing the functional capacity of the knee in terms of twelve specific clinical criteria. These 
criteria are listed in Table II and are explained briefly as follows: 

1. Pain: The patient is questioned regarding such symptoms as pain on twisting 
movements, aching at night after prolonged exercises, and pain in inclement weather. In- 
dividual pain tolerance is necessarily a factor here. 

2. Endurance: This can be estimated objectively on the basis of measured perform- 
ance. The standards are high ; endurance is not considered normal in a young person unless 
he can walk twelve or fifteen miles. 

3 Agility: This is considered apart from endurance. Frequently one finds patients 
who can work all day long, while standing, but can no longer run or engage in sports. 

4 Qicadriceps Atrophy: This mid-thigh measurement actually includes all the thigh 
muscles but clinically the quadriceps manifests more atrophy than the others. It is meas- 
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„re<\ as tl.c Jifwrcac in cir«.m(o,o,>cc l,al«x.c.„ tl.a two tliishsi and it is an extremely 
significant fiiuling, as will be explained latei. 


TABLE II 

Clinical CmiLUU and Stvndmuis iou Evvlu^ting tiii: Fl-nctional Capacity 


OF THE Knee 


Criterion 


Pain (P) 
Endurance (E) 

Agility (A) 


Quadriceps atrophy (Q) 
Subjective instabilitj' (SI 
Sagittal instability (AP) 
Abduction instability in 
semiflexion (FL) 
Abduction instability in 
extension(EX) 
Intra-articular fluid (F) 

Clicking (C) 

Range of motion (M) 

Determination and atti- 
j. tude( D) 


Quantitative Rating 


None 

Normal 

Normal 


None 
None 
None 
None 

None 

None 

None 

Normal 

Normal 


Slight 

Walk of 5 to 10 mile.' 

slow trot of 1 mile 
Cro.'es-country run- 
ning; abort-stop 
sports ; few symp- 
toms 

Up to la inch 
Slight 

0 to 4 millimeters 
0 to 4 degrees 

0 to 2 degrees 

Slight and transient 


Slight or inter- 
mittent clicking 
Flexion to 140 
degrees 

Less than optimum 
effort and per- 
severance 


Moderate 

Walk of 3 to 5 miles; 
slow trot of la mi.e 

(’rO'.'-countr>' walk- 
ing; can run on 
le\ cl ground 

=ii to IViinches 

Moderate 

5 to 10 millimeters 

5 to 10 degrees 

3 to 5 degrees 

Slight and chronic, 
or moderate and 
transient 

Moderate and per- 
sistent 

Flexion to 120 
degrees 

Discouraged and 
uncooperative 


Severe 

Walk of less than 
3 miles 

Cannot run on 
level ground 


Hi inches or more 
Severe 

Over 10 millimeters 
Over 10 degrees 

Over 5 degrees 

Marked or per- 
sistent 

Painfully severe 
and constant 
Less than 90 
degrees of flexion 
Markedly defective 
attitude ; exagger- 
ated disabilitj' 


Instability is ex'^aluated under four separate headings. 

5. Subjective Instability: This is graded according to the patient’s complaints of 
“slipping”, “going out of place”, or “buckling” of the knee, with due consideration for the 

causative activity. . . , 

6. Sagittal Instability: This is also called anteroposterior instability, or drawer 


'Abduction Instability in Seniiflexion: This is measured roentgenographically, with 
the limb forcibly abducted and the knee in 15 degrees of semiflexion. Too much flexuon is 
to be avoided, since it introduces excessive torque on the femur. 

8. Abduction Instability with the Knee in Extension: This is measured roentgeno- 
, graphically, with the knee in the normal standing position, not in hyperextension. 

9. Intra- Articular Fluid: Both the amount of fluid and the frequency of recurrence 
are considered here. 

10. Clicking: This term includes various cracking and snapping sounds. INo true 
locking has been observed in this series of cases. 

11. Range of Motion: This is measured in degrees of flexion, starting from 0 degrees 


at full extension. 

12. Determination and Attitude: The patient’s cooperation, perseverance, and de- 
termination to get well are highly important factors. In the -Army, as with industrial com- 
^ pensation, the secondary gain derived from disability frequently influences and prolongs 
the ultimate recovery. 
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While other eriteriti might well be included in this list, wc feel that those selected are 
representative enough to furnish an integrated picture of the functional recovery of the 
knee. By measuring the criteria objectively, in numerical units, according to rigid clinical 
standards, the inconsistencies arising from reliance upon personal jndgment alone have 
been reduced to a minimum. Practical application of this method is illustrated in the case 
reports; in the authors’ e.vperience it has provided a convenient, sound basis for comparing 
end results. 

in evaluating the over-all results of conservative treatment, the first consideration, 
naturally, is the recovery of stability of the knee. Ilealing of the ligaments in the abduc- 
tion injuries has been very satisfactory. In the last si.xty consecutive cases, including all 
degrees of injury, the final roentgenographic measurements demonstrate that fully 95 per 
cent, recovered with less than 5 degrees of residual instability*. Even the most extreme 
abduction injuries, with aiiparently complete rupture of the tibial collateral ligament, 
showed only 2 or 3 degrees of residual abduction instability (Cases 1 and 2) . Moderate 
injuries healed with a final average of 2 degrees, and the mild cases showed even less than 
that. These minor degrees of instability are tolerated quite well, and do not interfere 
appreciably with the patient’s endurance or agility. Only when the residual abduction 
instability exceeds 5 degrees do the symptoms become troublesome. Such patients, who 
comprise approximately 5 per cent, of this series, complain of weakness, recurrent effu- 
sions, and pain to such an extent that they arc no longer fit for military service. As a 
clinical rule of thumb, therefore, it may be stated that abduction instability in excess of 
5 degrees is unsatisfactory; less than this is perfectly compatible with a good functional 
result. 


End results in other types of instability were also favorable, although the number of 
cases is too small to afford dependable statistics. Addnetion instability has proved rela- 
tively less disabling than abduction lesions of equal degree, because of the closer ana- 
tomical supporting action of the tensor fasciae latae and the iliotibial band (Case 6) . With 
regard to anterior and posterior instability, in the more pronounced cases (with more than 
one centimeter of drawer action) the patients often complain of slipping sensations; but 
symptoms are generally not troublesome unless abduction weakness is also present (Case 
3). In suiumai-y, while the results of conservative treatment are overwhelmingly satisfac- 
tory in so far as stability is concerned, it must be kept in mind that stability alone does 
not wholly determine the functional result. 

Of all the criteria listed, the most reliable single index of functional recovery is the 
amount of quadriceps atrophy. A sound, firm quadriceps is associated with a good knee; 
and, conversely, patients with shrunken thighs invariably complain of fatigability, diffuse 
pain in the knee, and buckling sensations, — the well-known “weak-knee syndrome” de- 
scribed by Palmer. The supporting role of the thigh muscles becomes doubly important 
when the ligaments are torn, as is shown by the studies of Brantigan and Voshell and of 
DeLorme ; indeed, the functional recovery of these patients is in direct ratio to the quadri- 


ceps recovery. Clinical experience has shown that atrophy in excess of three-quarters of 
an inch is almost invariably accompanied by symptoms ; and, when it approaches one and 
one-half inches, the patient displays so much disability that, even with excellent healing of 
the ligaments, he cannot be considered to have achieved a good result. This is the reason 
for insisting upon quadriceps exercises as an essential part of the treatment. Chart I 
illustrates graphically the actual rate of quadriceps recovery and, with remarkable accu- 
lacy, the parallel functional recovery of the knee as a whole. In this series, the average 
cooperative patient shows full quadriceps recovery in from five to seven months. In some 
cases a longer time is required, but if the patient shows more than one inch of atrophy at 
le end of six months, his recovery is considered to be delayed. As indicated in Chart I, 


ever measurements of residual instability are not available in the earlier cases: how- 

. lie cumcal estimates of instability in these cases tend to substantiate the figures given. 
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six cases fall into tliis group: One did not improve because of a diffuse muscle hemiatrophy, 
presumably due to old poliomyelitis; two otliers were considered generally poor results 
(sec Case 3) ; in the remaining three cases the atrophy was simply due to laziness and the 
patient’s neglect of the prescribed quadriceps exercises. With proper coaching and more 
intensive e.xercises, the response of the quadriceps muscle in tliese three cases was reflected 
symptomatically in greater endurance, agility, and freedom from pain (see Case 5). 

Intra-articular tluid is rarely a troublesome symptom, since it usually disappears 
within from four to six months and iloes not recur. In a small percentage of cases, how- 
ever, the effusion is unusually persistent, and fluctuates with the amount of physical activ- 
ity and subsequent trauma (Case 3) . Usually, such cases are also unsatisfactory from the 
point of view of poor intrinsic stability, chronic thickening of the capsular structures, and 
excessive quadriceps atrophy. They arc unduly susceptible to injury, and effusions de- 
velop after minor sprains. Careful rehabilitation of the thigh musculature will minimize 
the episodes of effusion and improve the functional capacity better than will any artificial 
brace or support. 

Limitation of motion has been a negligible problem, because almost all of the patients 
recover complete extension and normal flexion within six months. Ultimately, every patient 
e.xcept the one with the dislocated knee (Case 7) obtained at least 135 degrees of fie.xion, 
which is sufficient for all ordinary pursuits. 

A common roentgenograiihic feature of healing is the development of calcific shadows 
along the course of the tibial collateral ligament, the so-called Pellegrini-Stieda disease. 
This complication was present in fully 60 per cent, of our cases. Typically, it first appears 
in from three to six weeks as a flocculcnt shadow, which gradually condenses to a curvi- 
linear residue, more or less closely associated with the femoral attachment of the tibial 
collateral ligament (Figs. 4-A, 4-B, and 4-Cl. These patients may show persistent tender- 
ness at the site of calcification, and occasionally slight pain on full flexion; but, in the 
authors’ experience, no actual disability bas been attributable directly to the lesion, and it 
is of roentgenographic rather than of clinical importance 

In order to illustrate specifically the regimen of conservative treatment, the following 
cases are reported in some detail. They represent a variety of severe injuries of the liga- 
ments, and include examples of both good and poor end results. 


CASE KBPOKTS 


Severe Abduction Injury with Good Result 

C.^SE 1. A soldier caught his left boot in the suspension lines of his parachute and e.vperienced vio- 
lent, numbing pain in his knee during the opening shock. The limb buckled medially on attempted 
weight-bearing, and he was taken to the hospital with a diagnosis of traumatic synovitis. Examination 
revealed painful limitation of motion, and diffuse soft-tissue swelling and tenderness along the medial 
aspect of the left knee. Gross instability was evident, although the exact amount was obscured by 
muscle spasm. After a low spinal anaesthesia, however, the patient showed extreme instability of the 
left knee, particularly in semifle.xion (Fig. .5-A), as well as slight anteroposterior hypermobility. He had 
a full range of active motion while under anaesthesia. 

He was immobilized for six weeks in a toe-to-groin pla-^ter cast, applied according to the technique 
previously described, with the knee flexed at 30 degrees and in slight varus correction. This cast was 
replaced by a walking cylinder, which w'as employed for four more weeks, and maintained the %'arus 
position. During this time, performance of the quadriceps exercises was rather perfunctory and, upon 
removing the cylinder cast, the patient had e.xces=ive atrophy of the thigh (two and one-half inches). 
The program of muscle rehabilitation was hampered at first by a persistent effusion, but this subsided 
after several aspirations and thereafter his progress was rapid. 

Four months after the injury, stability was very good (Fig. 5-B). There was only 1 degree of 
residual abduction instability in semiflexion, none in full extension, and only slight anteroposterior 
ypermobility. The effusion was almost gone. Atrophy was one and three-quarters inches. 

At the end of jive months, there was considerable sj-mptomatic and clinical improvement. The 
patient was able to walk five miles, but he still felt that the knee was weak when he stepped on uneven 
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ground. He had a full range of motion. There was very slight swelling; atrophy was three-quarters 
of an inch. 

After six monUis, the knee was subjectively stronger and the patient was able to walk ten miles. 
He could trot for one mile over uneven ground, with minimum discomfort, and was able to ride a bicycle 
for long distances. Although the knee still was .somewhat unstable when he participated in active sports, 
such as baseball and volleyball, his agility was improving nipidly. Objectively, the residual instability 
was minimum. No swelling was apparent, even after prolonged activity. The range of motion was com- 
pletely normal. Atrophy was one-half inch. His attitude and perseverence were excellent, and he re- 
marked that his knee was “getting stronger all the time”. 

Using the criteria and standards advocated in Table II, this patient’s functional 
capacity at the end of six months can be condensed into the following formula: 


P E A Q S 

AP FL EX F C M D 

Disability 

Rating * 

2 2 2 2 2 

2 2 11111 

1.5 


Comment: In retrospect, the quadriceps exercises should have been more intensive 
while the patient was wearing his casts. The present exercise program devotes especial 
attention to patients in casts, so that such severe atrophy is no longer encountered. After 
the cast has been removed, exercises should be increased gradually, to avoid any reactive 
effusion or soft-tissue induration. This patient is considered to have made an excellent 
recovery from such a severe injury. The results in this case refute the widely held opinion 
that surgical repair is essential in marked separation of the knee joint. Observation of 
many other equally good results after conservative treatment naturally raises the question 
as to whether the cures following operative treatment are not properly attributable to the 
postoperative immobilization, rather than to the surgical repair itself. 

Case 2. As this parachutist jumped from the plane, the man in front of him momentarily “froze” 
in the doorway, causing the patient to trip and to tumble out headfirst, with poor bodj’’ position. He 
became entangled in the suspension lines and wrenched his left knee during the opening shock. Exam- 
ination disclosed a rupture of the tibial collateral ligament, which allowed 15 degrees of abduction of the 
knee without anaesthesia. The knee was extremefy tender at the femoral insertion of the tibial collateral 
ligament* and weight-bearing was impossible. His left boot showed a definite brush burn, similar to that 
shown in Figure 2. 

The sectional toe-to-groin cast was applied, which held the knee in semiflexion and in the varus 
position. The cast was replaced in two weeks by a walking cylinder, which was removed seven weeks 
after the injury. 

At the end of three months there was mild residual instability, amounting to 3 degrees of abduction 
in semiflexion, and slight anterior hj^pevmobility. The joint was quite stable in extension. The patient 
stated that his knee still was weak and tended to buckle. Atrophy amounted to one and one-quarter 
inches. About 15 degrees of limitation of flexion was observed. The patient cooperated well in perform- 
ing the prescribed exercises. 

Five months after injury the patient showed a very good symptomatic result and had no difficulty 
with his knee, except that it ached in rainy’- weather. He walked seven miles without any trouble, and 
sprinted 300 yards in forty-seven seconds. Objectively, the stability’- was unchanged. There was no 
quadriceps atrophy. The patient cooperated energetically in the prescribed exercises, and had been 
working as a physical instructor on the Reconditioning Service. 

At the end of seven months, this soldier had no complaints whatever. He was able to march twelve 
miles in militaiy formation without pain, ran as well as ever, play'-ed baseball, shoveled dirt without pain, 
and performed strenuous field duties at the Infantry School. Except for the slight residual instability 
previously noted, his knee and thigh were clinically'- normal- His disability rating was 1.2. The patient 
returned to full military duty at his own request. 

Comment: This is one of the best functional resuits obtained in the entire series. It 
substantiates the fact that a minor degree of residual instability is not in itself disabling, 
or even productive of symptoms ; and hence cannot be used as the sole criterion of recov- 
ery. The only rational basis for evaluating a knee is in terms of its functional capacity. 

* The average of the individual quantitative ratings furnishes a useful disability rating of the knee 
's a whole. 
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Abduction Injurif with Poor Rc.-^idt 

3 Till'' iMKiiiuui-r' Ii'ft kiu’(' w.i- alxiiu'tcd \io!oully hy the -vi-pcnbion lines (lining the open- 
ing 'IiOLk. .111(1 .igiin iiheii he 'tniek (he giouiul. De-pile 'Cieie p.iin in the knee, ho limped about with 
.1 c.iiie .111(1 iv.i'. iie.it(’(l I'oi tile d.ix ■- .it In- oig.iniAilion uilh phy-iothciap.v and sleeping tablets. He 
fin.illy h.id to be ho'pil.ili.’Ld bLi.ni'O of pei'i'lent piin. .i' well .is an al.nining ecchymosis of the knee 
.111(1 leg On .ulini"ion, the di.igno'i' w.i- te.n of the libi.il ioll.itei.il ligament of the left knee, iiith 
po-siblc injury to tlic libul.ir ioll.itei.il ligiment Uoentgenogi.ims iioie nogatuo. No clinical details 
were rcioulcil as to the degue oi diicctlon of the ni't.ibilitv 

The follouing inforin.ition w.is .ib'ii.u li il fiom hi-^ clinical ictord The patient was immobilized in 
the toe-to-gioin t.i't (one 'l.ige) foi 'ix wii'k' Afici the la-t had been lomoiod, swelling and oedema 
quickly deielojicil. and .i w. liking ivlindei w.i- .i|>pli(d foi .in additional three weeks 

Rceoiciy w.is -low and nii'.iti'factoiy When he i.iine under the ob-onation of the authors (four 
months aftei injuiy), he showed .i pei-i-ti iit elTu'ion th.it flii< tu.itcd with the amount of physical actn ity, 
but neier entiioly disaiipcarcd. An.ilj -is of the fluid w.is .is follows. 


Volume; 

Character: 

Total protein- 
Blood-cell count: 


30 ( uliic ( entimeter' 

Tuibiil \cllow with hbiinous flecks 
330 milligi.inis jici 100 cubic centimeters 
W hite blood ( ells 2SS 

Poh mon>homiclear ncutrojihils 10 per cent 

I.ymphocy tcs 90 per cent 


Bacteriological examination showed no oig.iiii-m' on -inear or culture The flmd re-accumulated 
promptly after aspiration Flexion w.is limited to 120 degiee- .Atrophy of the thigh was one and one- 
half inches. The patient comiilaincd of n i urrent dull p.un aftei exerci-e. and a definite sense of insta- 
bility, e\en while walking Ob.iectnelv, he -bowed thiiteen millimeters of sagittal instability and 4 de- 
grees of residual abduction in-tabilitv With the knee in full reciinatum position, however, this insta- 
bility was not eiident Botli knee- disphixed 10 degiees of reciinatum laxity The patient mentioned 
that, unless he locked his knee in hyperextension, it tended to “slip sideways” on walking, and he had 
to concentrate on his footing 



Fig. 6 

Case 4 Very slight residual instability followed a sex ere abduction injuiy. Xote the pro- 
nounced calcification of the tibial collateral ligament, still in the “ex olutix e” stage. 
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Five months after the original injury, the patient stepped into a rut, twisted his left knee again, 
and suffered a recurrence of pain and swelling that lasted for ten days. 

At the end of six months, the knee still was weak and symptoms persisted. The patient could wall 
three miles and could trot short distances, but was unable to engage in active sports, such as tennis o 
volleyball, because sudden pivoting aggravated the swelling and caused the knee to ache all night. Hi 
also complained of painful clicking and of a tendency for the knee to buckle and slip, particularly oi 
uneven ground. Objectively, the instability remained as described previously. Flexion was limited t( 
135 degrees. Atrophy of the thigh was one and one-quarter inches. The chronic effusion persisted. Thi 
patient cooperated poorly in the quadriceiis exorcises and frequently became depressed and irritable 
His disability rating was 2.8. 

Comment: The result in this case is probably the worst of the entire series, and illus- 
trates several technical errors in diagnosis and treatment: 

1. The serious nature of the injury was not appreciated at the initial examination, 
and consequently the patient was allowed to limp around for five days without immobili- 
zation. The authors have noted repeatedly that a delay of more than twenty-four hours 
in starting immobilization definitely prejudices the final result. 

2. Immobilization was unsatisfactory. In such a serious injury, immobilization should 
have been continuous for ten weeks. Furthermore, it is technically awkward to support a 
painful, unstable knee in accurate alignment while applying the toe-to-groin cast in one 
stage. Sectional casts are strongly recommended. 

3. Quadriceps exercises were not pursued systematically, largely because of lack of 
cooperation on the part of the patient. The resulting deterioration of the thigh muscles 
was an important factor in his poor endurance and agility. 

4. A final factor contributing to poor stability was the amount of laxity of the normal 
knee. Patients who normally show appreciable genu recurvatum do not recover so well as 
those whose joint structures are congenitally more stable. 

Severe Abduction Injury with Calcification of Tibial Collateral Ligament 

Case 4. This paracluitist somersaulted forward upon leaving the plane, caught his left foot in the 
suspension lines, and wrenched his left knee during the opening shock. He was treated in his quarters for 
a day, with the diagnosis of acute traumatic effusion; but pain in his knee kept him awake all night and 
finally necessitated hospitalization. Examination on admission revealed generalized oedema about the 
knee and the medial aspect of the thigh and extreme instability of the tibial collateral ligament, which 
allowed at least 20 degrees of abduction without anaesthesia. “Surgical I’epair imperative” was the 
opinion of the admitting surgeon. 

The patient was immobilized in the sectional toe-to-groin cast and later in a cylinder, which held 
the knee in varus correction for a total of six weeks. He was also fitted with a medial wedged heel. 
When the cast had been removed he showed good stability, but marked suprapatellar induration and 
stiffness of the knee were present. 

Eleven weeks after injury the patient was very active physically; he played volleyball daily, 
although this exercise caused local warmth and transient swelling. There was still considerable supra- 
patellar induration, and return of motion was dela 3 ^ed. Range of flexion was from 10 degrees to 110 
degrees. Atrophy was two and one-eighth inches, as compared with the opposite thigh. Except for a 
trace of abduction instability in semiflexion and slight anterior drawer action, the knee was quite stable. 
The patient cooperated well in performing the exercises. 

. At the end of five months there was rapid symptomatic improvement, which had been observed 
especially during the previous month. His only symptom was pain over the medial aspect of the knee 
on forced flexion. He could walk from five to ten miles, ran well, and was in considerable demand as s 
volleyball player. Moreover, in spite of a medical recommendation for a limited-duty assignment, he 
pleaded his way back to his former organization and had made three additional parachute jumps since 
leaving the hospital. Objectively, he still showed slight swelling, induration, and tenderness over the 
medial femoral condyle. Range of flexion was from 3 degrees to 130 degrees. There was atrophy of one 
inch. His gait was normal, both when walking and running. Stability was unchanged (Fig. 6). The 
disability rating was 1.5. 

Six months after the injury a report was received from the Battalion Surgeon at the patient’s new 
post. An extract from this report follows: 

“Stability normal. ... No abnormal abduction. . . . About 15 per cent, limitation of flexion. . ■ • 
Thigh measurements equal. . . . Slight joint enlargement of medial aspect of knee; no joint effusion. . . • 
Functional capacity is not yet normal, endurance is good, agility is fair. . . .” ''' 
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Comment: Althougli isuigicul repair was initially rccoinincnded for this patient, he has 
had a very good result from the program of eonservative immobilization. Pie shows the 
most pronouneed pieture of ealeilieation about the tibial collateral ligament; but, aside 
from persistent loeal tenderness and limitation of flexion, this has not been associated with 
much clinical disability. 

Abduction Injury with Delayed (juadriceps Recovery 

C.vsE 5. .V boldier inj\ircil hi.i left knee in tlie oi)eiiing .'hock of a i)arachuto jump, when he somer- 
s.uilted foTOard on leaving the airplane. .Vfler landing, he luul severe pain along the medial aspect of the 
left lower e.vtrcmity and was unable to walk. Upon admi.'.'ion to the hospital, he showed brush bums, 
not only on his boot, but also along the entile medial a-'peet of the left knee and left leg. He displayed 
severe abduction and anteroposterior instability of the knee, but the exact degree was not recorded. 
There was pain on any attempted motion, and tenderness over both tibial and fibular collateral liga- 
ments. The routine roentgenograms, without special positioning, showed no abnormality of the knee 
e.\cept soft-tissue srvelling. 

The patient was immobilized in the sectional toc-to-groin c.ast for four weeks. At the end of this 
time, another toe-to-groin cast was apidied without p.adding. holding the limb in nearly full extension. 
Immobilization was discontinued six weeks after injury, and physiotherapy and graduated activity were 
started. 

Four months after the injury the patient still h.ad severe s>’mptoms; he limped on the toes of his 
left foot and showed about 5 degiees of limitation of extension. Flexion was possible to 120 degrees. 
There was one and one-quarter inches of atroi>hy of the left thigh. He was able to walk about two miles 
on pavement, but could not run; the knee .swelled whenever he attempted to walk on uneven ground. 
Objective stability was good; there was only about 2 degrees of abduction instability in semiflexion, 
and slight anterior hypennobilitj’. 

After SIX months his condition was much the same, e.xcept that the swelling and limp had practi- 
cally disappeared. The patient admitted having neglected all exercises. Atrophy was one and three- 



Fig. 7-A Fig. 7-B 

ro"^*!'* patient (Case 6) had extreme “adduction-plus-recurvatum” instability. The conventional 
g^g^jlSMograms in this case, without special positioning, showed no abnormality except soft-tissue 
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quarters inches. Flexion had improved to 135 degrees, but the knee remained weak and painful and felt 
unsteady on uneven ground. He got considerable relief from the medial heel wedge. 

At the end of eight inoiiths the knee was improving slowly, but disability was still present. The 
knee ached at night after any exercise, such as cariying a suitcase for fifty yards. The patient’s duties 
were largely sedentary, and the quadricci)S cxcrci.ses were being neglected. There was atrophy of one 
and one-eighth inches. There was no longer any swelling. 

An examination at the end of ton niontlin revealed that subjective imijrovement in the previou.s 
two months had been negligible. The patient had been taking no exercise at all, in spite of repeated 
urging. Atrophy had increased to one and one-quarter inches. Stability of the ligament.s, however, was 
very good. The joint was comidetely stable in extension and showed only slight residual abduction in 
semiflexion. Anterior h3q3ormobility was minimum. The i)crsistcnt symptoms seemed disproportionate 
to the objective findings, which, except for the (luadriccps atroplij"^, indicated an excellent result. Ac- 
cordingly, the patient was returned to the hosi)ital so that quadriceps exercises could be carried out under 
the supervision of the Reconditioning Service, flis disability rating was 2.1. 

At eleven months, after one month of supervi.scd e.xercises, atrophy of the thigh had decreased to 
agility. The patient could walk over five miles and could trot half a mile; but he was unable to run 
rapidly without a limp. The continuous ache- in the knee had subsided completely. He could walk ten 
miles without favoring the limb, and his onl.v sj'mptom was a slight pain beneath the patella when he 
ran on uneven ground. The patient was veiy much pleased with his recovery, and had enlisted for a term 
in the Regular ArmJ^ His disability rating was 1.4. 

Comment: This case illustrates the parallel between clinical disability and quadriceps 
atrophy. It has been noted repeatedly that, when quadriceps exercises are neglected, the 
clinical improvement ceases. It should be mentioned that ordinary walking is not consid- 
ered quadriceps exercise ; neither is passive physiotherapy. 

Adduction Injury with Recurvatum 

C.\SE 6. A parachutist’s right knee collapsed when he struck the ground violently, upon landing 
from a jump. He was unable to walk, and was brought immediately to the hospital with a diagnosis of 
possible fracture of the right lower extremit}^ Examination disclosed marked soft-tissue swelling and 
tenderness over the lateral aspect of the right knee, with striking instability, so that the limb could be 
adducted 30 degrees without undue pain. There was also a recurvatum instability amounting to 30 de- 
grees. No abduction instability was noted (Figs. 7-A and 7-B). 

The right lower extremity was immobilized in the sectional toe-to-groin cast for four weeks, with 
the knee in semiflexion and valgus correction; then a walking cjdinder was applied and maintained for 
an additional four weeks, with the knee in nearty full extension. Upon removal of the cast, there re- 
mained moderate adduction instability, but no recurvatum. It was felt that the patient had regained 
maximum stability, and immobilization was accordingly discontinued. There was atrophy of one and 
one-half inches. Intensive exercises of the limb were started. 

At the end of three months he walked without a limp and ran well for short distances, in spite of 
moderate residual adduction instability. There was still a tendency for the knee to swell after exercise. 
The range of motion was good; the patient could extend his knee completely and could flex it to 140 
degrees. There was one and one-eighth inches of atrophy of the thigh. 

Four months after injury the adduction instability measured 9 degrees by roentgenogram, but the 
patient had remarkably little subjective disability. His knee occasionallj'’ felt “loose” on twisting, but 
he could hike ten miles and could run 300 yards in forty-.six seconds. He played a good deal of baseball 
and engaged in other sports. The knee showed no swelling or induration, and fle.xion had increased to 
150 degrees. There was atrophy of three-quarters of an inch. 

At the end of six months there was continued improvement. The patient claimed that his knee 
was stronger and steadier, although objectively the residual instability was unchanged. The range of 
motion was normal. There was atrophy of one-half inch. His only complaint was minor aching m 
inclement weather. The patient was pleased with the I'esult and was quite active physically. His dis- 
ability rating was 1.6. 

Comment: Because of the considerable residual instability in this case, surgical repair 
of the fibular collateral ligament was considered after the cast had been removed; but the 
patient’s functional improvement was so rapid, and the final disability so slight, that the 
operative procedure did not seem justified. Only three cases of adduction injury were en- 
countered, but none of these patients seemed to be handicapped by the residual instability. 

As mentioned earlier, this is probably due to active muscle support of the tensor fasciae 
latae, which offers direct anatomical reinforcement for the injured ligament. 
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Complete Anterior Didocotion oj the Knee 

Cibh 7. A i>.ir.ieliuti-l I.niiicil iii .i dilili at inj'hl, cii-Ior.iling liis left knee. He was biought to the 
ho'pilal m a Thomas splint, and 'lionod clnueal and loentgenogiaiihie findings of a complete anterior 
di'location of the tibia. No ciKiil.itoiy oi neiitolugiial abnoiniahties wcie obsei\ed 

Tlic disloc.itiou was icdiKcd ea'ily iiiidei peiitotlial anaesthesia, and the knee was immobilized in a 
judded toe-tu-gioin cast. Tins liLiamo loose aflei thiee weeks .ind was changed foi a skin-tight toe-to- 
groiii cast, which held the knee m .ilinost full e\lension h'uc weeks latei the east was lemoved; good 
stability was leceakd, but iheie was iiiononnied sUiTne-ss and supiapatellai mdiiiation After a tiial of 
giadii.itcd aetnily, the indm.ition showtil no impiui eiiieiit , .uid the iiatienl was letuined to a walking 
ijhuder for an additional thiee weeks All immohili/ation was discontinued twehe weeks after injiiiy 

Fuurtttn uccAs aftei mjniy the iiatient still limped noticeably The most stiiking clinical featuies 
were the persistent itiduiation of the soft tissues about the fiont of the knee, and the limitation of flexion 
to So degrees. Stability w.us good, theie was only slight abduction in somiflexion and slight anterior 
li> permobihty. There was atiophy of one and one-eighth inches The patient lecened giaduated quadri- 
ceps exercises. 

•Vt the end of jour i/ioiithi he could walk fine miles .ind could trot a little The knee tended to 
swell on exccssue actnity, but the mduialion was subsiding giadually. Flexion had impioced to 100 
degrees, and atrophy had decic.ised to thiee-quaiteis of an inch. 

Filc munth)> after the injuiy the knee seemed stronger, and the patient could stand all day witli 
mmiinum discomfoit. Flexion was limited to 120 degices, which picceuted him from running normally 
The lesidual instability remained as befoie, except that he now displayed a few degrees of recun atum 
m the injured knee. There was atiophy of one-ijuaitcr inch. 

Examination at the end of m: inoulh), leicaled continued impioiement in strength, enduiance, and 
agilitjx The patient could walk o\er fi\o miles and could tiot half a mile; but he was unable to lun 
smoothly, because flexion w,i3 still limited to 120 degrees He could run up and down stairs, two or 
three at a time. Excessice actnity still piocoked mild tiansient effusion. Roentgenograms disclosed 
Pellegnm-Stieda tjpe of calcification neai the medial femoial condyle There was no change in stability 
The thigh measuienients weie equal. The patient was taking long, cross-country bicycle rides to com- 
plete lus rehabilitation. Disability rating was 17. 

Comment: Accoiding to widely accepted indications, the more severe the injury, the 
more imperative is surgical repair. In view of the present clinical experience, however, 
this reasoning does not appear valid Since conservative treatment yielded such good 
results in complete dislocation and in the extreme lateral instability illustrated by Case 1, 
there is ample justification for conservatism in the less severe injuries. 

SUAIAIABY 

1. Eighty-five cases of acute instability of the ligaments of the knee were treated by 
conservative immobilization. 

2. Most of the patients were parachutists, w'ho tore the tibial collateral ligament of 
the left knee during the opening-shock phase of the parachute jump. 

3. The plan of treatment consists in immobilization in plaster-of -Paris, supplemented 
with intensive exercises for the thigh musculature. 

4. End results are evaluated on the basis of the functional capacity of the knee, ac- 
cording to specific clinical criteria. 

5. The most reliable single index of disability is the amount of quadriceps atrophy. 
Rehabilitation of the shirnnken quadriceps mx'-ariably improves the functional capacity 
of the knee. 

6. Recovery of stability has been very satisfactory. Ninety-fixm per cent, of the 
abduction injuries heal with less than 5 degrees of residual instability. 

7. Calcification of the tibial collateral ligament is a frequent complication, but has 
not proved disabling. 

8. Recovery of flexion and extension has been excellent. 

9- Conservative immobilization has yielded excellent results in this series. 

study was carried out under the supervision of Major Roy Ciccone, M.C , Chief of the 

paeoic ejection, Army Service Forces Regional Hospital, Fort Benning, Georgia, and the authors 
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wish to express their gratitude for his generous advice and assistance. Appreciation is also extended to 
the members of the X-Ray Department for tlieir splendid cooperation. The mechanism of the opening- 
shock injury was illustrated by the Training Aids Section of The Parachute School, and the illustrations 
were reproduced by the Army Field Printing Plant and the Signal Corps Laboratory at Fort Benning. 
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DISABILITY EVALUATION FOR THE HAND “ 


BY LIEUTENANT COLONEL DONALD U. SLOCUM AND LIEUTENANT COLONEL DONALD R. PRATT 

Maliciil Corpf, Army oj the United Stales 

The fundamental premise of tliis paper is that appraisal of disability should be based 
upon function. The present systems of disability evaluation have evolved over a period 
of several years as a joint endeavor of the physician and the agency giving compensation. 
Tlirough tlie efforts of such men as !McBri<lc, Kessler, and others, accurate and concrete 
tables have been formulated to cover a variety of conditions in the hand. For the case 
which duplicates the conditions found in the tables, their figures are adequate and work- 
able. !More complex problems, however, can lie judged only by the most experienced ob- 
server. The novice or the moderately trained physieian frequently finds himself lost in a 
maze of detail when studying these emjiirical formulae, and often his conclusion is the 
result of guesswork. The purpose of the present discussion is to present a simplified method 
of disability evaluation, based upon function, which incorporates the time-tested Amlues 
set forth in the past. 

Disability evaluation has a dual purjiose; The first is its traditional use in the ap- 
praisal of an end result of trauma or disease for an insurance company or an industrial- 
accident commission. The second — and herein lies the most important medical obliga- 
tion — is the determination of disabilit}- as a basis for planning treatment. In order to 
establish clear indications for prognosis, the physician must know what the present status 
of the hand is and what the result of treatment will be within the realm of reasonable ex- 
pectancy. This will enable him to judge how worth-while the procedure is in view of the 
degree of improvement expected, the seriousness of the procedure, the time involved, and 
the economic status of the patient. 

In this paper the authors are concerned with the hand alone; the remainder of 
the upper extremity is not considered. The three fundamental units of function in the 
hand itself are grasp, pinch, and hook.* These actions are fundamental, because they 
contain all the elements of power, motion, and de.xterity used in any of the lesser activities 
of the hand. In the following discussion, certain values have been established arbitrarity 
for these functions on the basis of their relative importance. This has been necessary, 
since no precedent e.xists for formulating these values. They have simply been set down 
by the authors as their opinion of the relative importance of each function and may, of 
course, be changed with greater Icnowledge in the future. 

Grasp may be defined as the combined action of the fingers against the opposed thumb 
and the palm of the hand. Its gi'eatcst use is in the last half of this motion, as gi’ip is con- 
summated. It is worth 50 per cent, of the value of the hand. Pinch is the apposition of the 
pad of the thumb against the pads of the opposing fingers. This is worth 30 per cent, of 
the value of the hand. Hook is simply what the word implies: The fingers are fle.xed so 
that their pads lie parallel and slightly away from the palm, forming a hook. This is worth 
20 per cent, of the value of the hand. The modification of these A’alues bj^ sensoiy changes 
is ex^plained in a later section. 

The system of disability evaluation presented here is embodied in the chart shown 
as Figure 1. Certain radical changes from the standard methods will be noted: 

1. All figures presented are in terms of the three primary functions of the hand: 
grasp, pinch, and hook. 

2. The A'alue given the little finger has been increased over that given the ring finger, 
because of its more strategic location in the hand. This polar position adds to the breadth 
and stability of the hand in gi-asp and hook. 

. * Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago. Illi- 
nois, Januarj' 23, 1946. 
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DISABILITY evaluation FOR THE HAND 


Middle IirKSeTi 16 *^0 
Total to IP joint “15 

G-rasp-S 

PincH--4 

HooK“'l 

G paap — 1 
Pinch —2. 
Ho oL — 

Proximal IP ipint to base of melacarpal 
Grasp 1 , Pinch O, HookO, 

Index fingen 23% 

Total to proximal IPjoint-17^ 

Grasp- g 
Pinch-^ — 

Hook — T 

Gra£,p-2 
P*incn — o 
Hook — g 

Proximal IP joint to base 
g nd metacarpal — 6 

Loss of the thumb at the 
M P joint IS equal to the 
loss of the whole thumb 


^0°/o 


Grasp-3.1 2% 
Pinch — 1.S8 


Functions on which disaloility Is evaluated. 


Gpasp 

Pinch 

Hook. 


^■O 0/0 
30 °/o 
20 °/o 



Rind finder 8% 
rrbtal to IP joint“6 

Grasp— 1 
Pinch— 1 
Hook —3 

Grasp— O 
Pinch — O 
Hook — 1 

Proximal IPjoint to the 
base of the dth. 
metacarmal 

iGnaspa jPinchO, Hook O. 


Lillie finder ISYo 

Grasp —1 
Pinch —1 
Hook — 3 

Grasp — O 
Pinch — O 
Hook — 1 


Fr om Ibe proximal IP 
joint a value of 7°/o is 
^iven to the stabilized, 
metacarpal all for ^rnsp. 


Fig. 1 


3. Between the pro.xiinal interphalangeal joint of any one finger and the carpometa- 
carpal articulation of that finger, any loss is given the same value. 

The last statement demands some elaboration. In each finger, a different situation 
exists when there is an amputation above the proximal interphalangeal joint. For instance, 
amputation through the proximal phalanx of the index finger leaves a hand that still grasps 
well, in that the palm still forms a wide base against which the remaining fingers and 
thumb may clasp an object. This is a hand which, in many instances, may be perfectly 
satisfactory; but, on the other hand, the stump maj'- impede the web and may also inter- 
fere with pinch, which is now carried out by the middle finger. If the metacarpal of the 
index finger is resected through its base, or if it is disarticulated, the web is left unham- 
pered, so that pinch action may take place freely, and the appearance is improved. How- 
ever, the stability of the grasp is diminished, due to the narrowing of the palm. In the 
middle finger and in the ring finger, amputation through the proximal phalanx leaves an 
unsightly hand with a space between the fingers during grasp. This is a decided handicap 
when small objects, such as a handful of nuts or beans, are to be picked up and held in the 
cupped hand. Grasp of larger objects, nevertheless, remains good. If the metacarpal is 
resected in one of these two fingers, the appearance is improved and the gap in grasp is 
closed; but a narrow and less stable hand results. When the little finger is amputated 
through the proximal phalanx, there remains adequate breadth for grasp and cupping, 
depending upon the mobility of the metacarpal. Some patients prefer amputation through 
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the metacarpal, liowevor, booauso tlie appearanec is improved and because this eliminates 
catching of the stump during such activities as reaching into their pockets. 

It may be seen, therefore, that the degree of loss above the in-o.\imal interphalangeal 
joint docs not alter the percentage of functional disability for all types of work. The im- 
provement of one function is counterbalanced by the loss of another. 


CIIAUT OE DISABILITY EVALUATION 

In the lower left corner of the chart (Fig. U arc found the values for grasp, pinch, 
and hook. These arc set arbitrarily at 50 jier cent., 30 per cent., and 20 per cent., respec- 
tively. Above is the thumb, which is valued at 40 per cent. Since the thumb is one of the 
two major poles in grasj) and iiinch, this value was determined simplj- by taking one-half 
of the value of grasp t25 iier cent.! idus one-half of the value of pinch (15 per cent.). 
The thumb is considered as a unit of function only from the tip to the metacarpophalangeal 
joint; proximal to this, all ability to grasji and pinch disappears. The inset drawing of the 
thumb demonstrates the values in amputation. Since the thumb is valued at 40 per cent., 
each quarter phalanx is valued at 5 jicr cent. Associated lesions, such as deformed nails, 
neuromata, painful cicatrices, et cetera, are evaluated by determining the extent to which 
they interfere with each of the major functions. An arrow pointing to the top of each 
finger indicates the A’alue of that finger in terms of percentage of the hand as a whole. The 
distal interphalangeal joints arc indicated by interrupted black lines. Solid black lines 
indicate the location of the proximal interphalangeal joints. Beside each phalanx, the per- 
centile values of grasp, pinch, and hook are given, according to the importance of each of 
these elements. Below this is given the value from the proximal interphalangeal joint to 
the base of the metacarpal. One value is set for any loss in this region, when only a single 
finger is involved. 

Use of Chart 

In amputations, the following principles are used: In amputation of a single finger, 
the percentages of grasp, pinch, and hook of each phalanx are added to give the value of 
disability. If only a portion of the finger is lost, this value is apportioned to the nearest 
quarter of a phalanx. In amputations which include the proximal interphalangeal joint, 
the total value of the finger is used, regardless of whether the amputation is in the phalanx 
or m the metacarpal. In multiple finger amputations, the total is made up of the values for 
each phalanx lost. When the metacarpals for more than one finger have been amputated, 
however, the appraisal is made on the basis of the major function of the whole hand, as 
listed in the lower left corner of the chart. 

Amputation of the thumb has already been described. 

Lesions of the palm and the thenar eminence, and multiple involvement of the long 
tendons and their motors, are evaluated on the basis of alterations in the major functions 
of grasp, pinch, and hook. In instances other than amputation, the loss is judged accord- 
ing to the limitation in gi’asp, pinch, and hook which occurs in each finger. 

Bain is evaluated according to the extent to which it interferes with each of the three 
major functions. Although pain is a subjective phenomenon, its results must be judged 
objectively. For example, an exquisitely tender neuroma in the pad of the thumb could 
eliminate all pinch in the hand (30 per cent.) ; affect grasp, through pain and awkwardness, 
so that the effective delivei-y of grasp would be only 10 per cent, instead of the normal 
oO per cent.; and impair hook, due to loss of dexterity, so that its value would be only 15 
per cent, instead of the normal 20 per cent. This would result in a residual value of the 
hand of 25 per cent, of normal. 

Total loss of sensation is valued at 50 per cent, of the part. Thus a 50 per cent, loss 
of sensation would be valued as 25 per cent, disability of the part involved. In many in- 
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stances other disabilities are present, as well as loss of sensation. The rule in these cases 
is to determine in the usual manner the disability of the part on the basis of function. This 
is then the value of the disabled part. This figure is used to determine the value of the loss 
of sensation. For example, the middle finger is normally valued at 16 per cent. If the 
finger has been amputated in the mid-portion of the distal phalanx, the value of the dis- 
abled finger is 11 per cent. Associated nerve injury may have resulted in total loss of 
sensation in the remainder of the finger. Since sensation is valued as 50 per cent, of the 
part, there would be a further loss of 50 per cent, of 11 per cent., or 5.5 per cent. 

In section of the median and ulnar nerves, and occasionally of the digital nerves, 
trophic disturbances may occur, which make the fingers or the hand useless, or partially 
useless, as far as function is concerned. Again in these instances, clinical judgment must 
be used in taking the major functions as a basis for evaluation. 
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DISCUSSION 

Lieutenant Colonel Lot D. Howard, Medical Corps, Army of the United States; The whole 
problem of disability evaluation is a tremendous one, and one which most of us know very little about. 
We compile a few measurements, make a few general statements on paper, and then feel content, know- 
ing that someone else will get out some tables and calculate a percentile figure. 

As if our own peacetime industrial accident work is not enough of a headache, w’e are now con- 
fronted by thousands of partially disabled war veterans, who will need disability evaluation and who 
will be remunerated on this basis. 

I had the opportunity of visiting a Veterans’ Hospital on the way to this meeting, and observed the 
struggle they are having to establish temporary disability ratings for crippled hands, often with inade- 
quate or incomplete records, and without the opportunity of examining the soldier. 

Colonel Slocum’s chart for the determination of disability in the hand appears workable, but has 
not had to meet the test of time as yet. It is not simple; but it cannot be, due to its very nature. Minor 
points may give rise to differences in opinion, but these may be adjusted to the individual case. 

In dealing with the hand, one must not lose sight of the fact that the hand is, and functions as, a 
unit; thus, what a man can do phj^sically with his hand under living and working conditions is what 
counts. 

A rating on the basis of carefully planned performance tests under the observation of a physician 
should be ideal, but here the personal equation on the part of both the patient and the doctor would 
lead to gross error and inconsistency. 

Yet, to break down the hand for analysis of the function of its separate parts, and to calculate 
multiple percentages of percentages, ending at times with a decimal point and two figures, would be 
comparable to an aborigine looking at a pile of bolts, nuts, wheels, and rods, and trying to visualize a 
moving jeep. 

Men who are familiar with disability evaluation are the first to admit the difficulty in arriving at a ' 
fair and unbiased appraisal. Yet some standard must be set. All are agreed that an objective approach, 
such as has been outlined, must be used; yet the admission of this constitutes the first error in the ap- 
praisal, since the same limitations, objectively measured, need not necessarily give the same disability 
to different individuals, even in the same occupation. 

Colonel Slocum’s contribution is limited to the hand; yet he knows, as we know, that the usefulness 
of the hand is dependent also upon the function of the arm and shoulder for positioning and stability. 

In thinking about disability evaluation in general, one cannot help but be impressed by certain 
aspects of the problems which have wide economic and sociological application, as the following examples 
indicate: How much is a hand worth? Is one man’s hand worth as much as another man’s hand? How 
much is a man’s hand worth, if the man has no value from the standpoint of the group? Should a man 
in one state get more compensation for a given disability than a man in another state? Should a veteran 
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get the Mine .is .i iii.iii m iiuhiatrj’.' Jiiat wh.Tt arc we compensating for, and who pajs tlie bill’ Such 
questions could go on indchnitoly, anil jou c.uinot find an answer for any of them. 

The problem pei'i-Us and wan ants serious thinking on the pait of all medical men Anjone under- 
t.iking such a ditliciilt iirolilcin needs our encouragement; and ciiticism had best be reserced, unless 
something belter can be offered. 

I w int to th.ink the .uithois for this opportunity to discu-s their paper 

Dll Euii. D Mcniiiiu, Oki.miomc Citv, Okumiomc I am pleaded that someone is interested enough 
m the subject of di'ibility to \cnturc .in c--iv on this program Quite jiropeily, Colonel Slocum has 
recognized ‘function’ as the true bi'is of eialuiting di'abilitj Likewise, he points out that the func- 
tion il re.ison for api'nii'iiig the emit of di-abilitv on the bode i' to be able to judge the advisability of 
surgical procedures in terms of end rc-ults, and wh.it they will mean toward lo-s oi gain in function 

“Di'.ibility is a transformation of body stniilure« rc-ulting in depreciation of noimal abihtj' to 
perforin the functions of c-tabli'hod plu-iial .uioiniili'hment- " Such a transformation may be the 
result of iiijurj', dise.isc, new growth, or iiialforination The period of existence may be temporaiy, pro- 
grcs-ue, or permanent It must be recognized that no two indiiiduals develop function in the fingers, 
hands, or feet to exactly the same extent or jiroportion Therefore it is my opinion that anv arbitrarj' 
assumptions of function il evahntioii, such .is Colonel Slocum has made — that the grasp of the hand is 
50 per cent , the pinch 30 per cent , and the hook 20 per cent — are not fundamentally sound Actuallv, 
I think this IS a \ oiy f.air av crage assc-'iiiont for e.ach of the three functions How ev er, if we are to 
arnve at a uniform st.andird in evalu.itiiig di-abilitv, we cannot veiy well a-sume arbitrary values We 
must, on the contrarj-, devise a dependable svstem, based on fundamental principles, as m other mechcal 
subjects 

How can we sa 3 ' that the function of grasp should have the same value of 50 per cent for all hands’ 
For instance, compare the hand of a laborer who digs ditches with the hand of one who has become 
skilled m Using tools I believe we might even s.aj’ that the function of grasp would be rated somewhat 
higher m the hand of an orthopaedic surgeon than in the hand of a gjmecologist, or of an eye, ear, nose, 
and throat surgeon. 

It has been my contention that the fundamental factors which create function should be the basis 
of measunng function, rather th.an arbitraiy divisions applied equally to any individual’s hand 

What do I mean bj fundamental divi-ions or factois of function’ First, there is the factor of quick- 
ness of action, nimbleness, and -peed of mov ement Second, there is coorchnation of mov ement, — that 
13, the smoothness and the steadiness of action, or we might say the dexterity or the sjTichiomzing of 
movements, which may have been cultivated over a lifetime and m.av even mean the difference between 
ordinary use of the hand and expert u-e of it Third, there i-- the factor of strength The lack of strength 
often creates a necessity for unusual effort or 'tram Fourth, there i- secuntj' of action, — that is, the con- 
fidence and dependence which one maj hav e m the u-e of the part of the body When a part of the body 
has been injured, there is a lack of tnistwortliinesS and reliabilitj, so that the pait cannot be used with- 
out a certain amount of conscious effort Fifth, there is the factor of endurance, — how long the indivndual 
can work with a disabled part 

Most individuals have to work foi a living and if we were measurmg the capacity of the chsabled 
individual as to his ability to perform labor, we would add two other factors One would be that of 
safety to himself and others as a workman, and the other would be the prestige of being found able- 
bodied m a pre-emploj'ment examination 

By appljung anj’ estimated percentile v alue to each functional factor withm a total of 100 per cent , 
one can amv e at a v'eiy reasonable conclu-ion as to the related vmlue of disabled parts of the bodj' 

Retuming to Colonel Slocum’s scheme of disabilitw of the hand, again I wish to commend him for 
his effort m this respect I think his arbitral^' div isions are v ery accurately conceiv ed Furthermore, I 
think his method is v ery easy for most of us to use It is especially adaptable to the purpose for which 
he recommends it, — namely, that of ev aluatmg disability as a basis for plaiming treatment 

Ho other part of the body requires such consideration as does the hand It is unique that he has 
CTaluated the little finger more than the nng finger I believ e he is perfectlj correct m this observ ation 
olonel Slocum’s scheme is especially adaptable for evaluation of the hand when amputations are con- 
sidered I believe it would be a little awkward to use it at times when vanous degrees of contractions 
and deformities are being considered for surgical improvement His evaluations are placed chiefly on 
e location of v anous points on the mdividual phalanges 

From the standpoint of ankylosis and deformitj , it is essential to base the elements of function upon 
joint action, more than upon bone deformitv Here, again, coordination, strength, endurance, and other 
actors must take precedence in the mind of the one who makes the ev aluation of such a hand 
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THE PROBLEM OF MENISCECTOMY IN THE SOLDIER 


BY LIEUTENANT COLONEL W. ALEXANDER LAW 
Royal Army Medical Corps 

Under Service conditions, injuries to the knee joint are as frequent as they are im- 
portant; and they form a considerable source of sickness, with consequent hospitalization 
and loss of man power. A proportion of these injuries arc meniscus lesions, and an attempt 
has been made in this scries of cases to determine the value of operative treatment. 

In a Base Flospital during the first six months of 1944, 120 “clean” knee-joint explora- 
tions were performed, and in 104 instances meniscectomy was carried out; of the remaining 
cases, missiles were removed from the joint in nine, loose bodies were removed in four, and 
nipping of enlarged infrapatellar pads of fat was found in three. 

Careful selection of these cases was made in order to exclude those in which there were 
accompanying pathological changes, — such as osteo-arthritis, osteochondritis dissecans, 
undue laxity of collateral or cruciate ligaments, and gross wasting and weakness of the 
quadriceps muscle. These patients were regraded and treated by physiotherapy. The 
object of operation, therefore, was to keep the soldier in his category — usually that of the 
fighting man — and to enable him to return to full duties as rapidly as possible. 

The problem is not quite the same as in civil life, where the patient requiring a me- 
niscus operation is very frequently the athletic young man of good physique, with muscular 
development above the average. The British fighting soldier, although physically very fit, 
does not always have the muscle power of the first-class athlete; and yet, in the course of 
his training and actual fighting, he is subject to stresses and strains on the knee joint far in 
excess of those encountered in ordinary recreational activities. It is reasonable, therefore, 
to anticipate the necessity for a longer rehabilitation period in the case of the fighting 
soldier than in his civilian counterpart. 

The initial injury occurred while the patient was playing football in fifty-six cases 
(54 per cent.) ; during military training or actual battle in twenty-three cases (22 per 
cent.) ; and as a simple accident, such as a fall or while kneeling at work, in twenty-five 
cases (24 per cent.) . The strictly military causes included falls into bomb craters and 
diving for slit trenches (ten cases) ; jumping out of vehicles (three cases) ; blows from the 
starting handles of vehicles (four cases) ; parachute jumps (two cases) ; being caught and 
twisted in barbed wire (one case) ; and being blown over by blast (two cases). In one case 
a tiny missile had ripped the cartilage on its passage through the joint, and signs of internal 
derangement persisted until after meniscectomy, nine months later. 

CLINICAL DATA 

No patient in this series was submitted to operation unless it was clear that the dis- 
ability was a real one and that the soldier was handicapped in performing his duties. The 
duration of history varied considerably, but all the patients had had recurrent attacks of 
instability and locking of the knee joint, alone or in combination; and the occurrence of 
at least an initial weight-bearing rotational strain on the flexed knee was always sought. 
This type of injury is indicative of a tear or detachment of the meniscus, as opposed to 
injury caused by abduction or adduction strain on the extended knee, which results in 
ligamentous damage. 

Forty-four patients had a history of less than six months’ duration; eighteen had a 
history lasting from six to twelve months; eighteen had a history lasting from one to two 
years; and twenty-four had a history of over two years’ duration. The incidence of injury 
to the right and left knee was about equal, — fifty-three and fifty-one instances, respec- 
tively. 
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The medial meniscus was the site of the lesion in eighty-nine cases, and the lateral 
meniscus in only fifteen eases. One reason for this disparity is that the majority of patients 
with lesions of the lateral meniscus were not subjected to operation. This applied particu- 
larly to cases of cystic degeneration, where recovery is frequentty prolonged and incom- 
plete, so that downward grading is necessary. Therefore it is more satisfactory from the 
point of view of conserving both man power and hospital accommodations to reclassify 
these cases without ojicration. For similar reasons, patients with lesions of both menisci 
were not considered suitable for operative treatment. 

Effusion and joint locking were rarelj' seen in these cases, both having resolved or been 
treated during evacuation to the Base Hospital, but ^IciMurray’s test was found particu- 
larly useful; the presence of an audible and palpable “thud” and the degree of knee e.xten- 
sion at which this occurs not only confirmed the diagnosis but indicated the site of the tear 
in the meniscus. In some cases this entailed the use of diagnostic manipulation under 
pentothal anaesthesia. 

Roentgenography was considered essential to exclude the possibility of loose and for- 
eign bodies, missiles, or ostco-arthritic changes in the joint. 

In a few cases where the degree of disability was in doubt, provocative physiotherapj'^ 
was employed and careful observation was kept for the recurrence of pain, joint swelling, 
and locking. In all cases preoperative physiotherapy was used, not only to restore power 
and tone to the quadriceps muscle, but also to teach the patient the exercises necessary 
for him to perform after operation. The physiotherapist, too, was able to study the patient 
and gain his confidence, — both important adjuncts to rapid convalescence and rehabilita- 
tion. 


OPER.\TIVE DET.XILS 

A complete skin preparation for forty-eight hours with flavine, an operative field ren- 
dered bloodless by applying an Esmarch bandage, and a non-touch technique were invari- 
ably employed. A horizontal incision, about one and one-half inches long, was made in 
the line of the joint. This incision extended from the region of the anterior horn of the 
meniscus to near the anterior border of the fibular collateral ligament ; the ligament was 
always carefully avoided, although it could be inspected, if desired. 

The wdiole meniscus was invariably remoAmd. It has been stated that such a procedure 
injures the joint excessiAmly and is not necessary. However, with the approach described, 
suitable narrow deep-bladed retractors, and a sharp meniscectomy knife, the trauma to 
the knee joint in freeing the whole cartilage is minimum, and unexpected lesions of the 
posterior horn are not missed. Tears of the posterior horn, either alone or in conjunction 
Avith other lesions, were found on nineteen occasions (18 per cent.) in this series, and double 
bucket-handle tears were discoA'ered in three additional cases, — strong enough indication 
for total meniscectomy. In two cases a loose posterior horn, which remained after a pre- 
Auous operation elsewhere, was remoA’ed through a A'ertical incision behind the posterior 
margin of the tibial collateral ligament. That there AA-as no undue trauma in these cases 
js also borne out by the fact that there was not one instance of posloperatiA'e effusion in 
the knee joint scA^ere enough to require any relaxation of the knee bandage, far less 
aspiration of fluid from the knee joint. 

After closure of the wound in layers, a firm dressing was applied and no back splint 
AA'as used. The Esmarch bandage was remoAmd after the knee bandages had been applied. 
Postoperatwe obserAmtion was made to exclude oedema from too tight bandaging and foot 
drop from pressure on the peroneal nerA'e at the neck of the fibula. 

Quadriceps-contraction exercises AA-ere commenced the day after operation and con- 
tinued daily, together Aiuth attempts at straight-leg raising and exercises AA’ith the leg par- 
tially supported. The dressing was untouched until the skin sutures were remoA-ed, on the 
tenth day; flexion exercises were commenced on the fourteenth day, AA-hen the patient was 
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allowed out of bed, wearing a crepe bandage. It is considered that, by confining the patient 
to bed for this period and avoiding knee flexion, sound healing of the suture line was 
encouraged ; and that the bed exercises did not interfere with this healing, but were essen-i 
tial to maintain good tone and power of the quadriceps muscle. 

From the second %veek onward, treatment consisted of a graduated course of physio- 
therapy, carried out primarily in the Hospital and finally at a Convalescent Depot. This 
consisted of static quadriceps exercises and the use of weights and pulleys to provide 
resistive exercises; and gradually advanced to remedial and general exercises, therapeutic 
games, and physical training. Massage and faradism were rarely employed, and then only 
in patients who were slow to develop ability to contract the quadriceps voluntarily. Such 
treatment was supplemented, and replaced as soon as possible, by active exercises. The 
interest and active cooperation of the patients are essential for speedy rehabilitation, 
which can be encouraged and maintained by grouping these patients in special wards and 
classes, thus developing a competitive spirit. 


THE CARTILAGE LESION 

The main types of injury found in the eighty-nine cases of medial meniscectomy can 
be grouped as follows: 


Ahiinber Per Cent. 

Bucket-handle tears 55 61.8 

Peripheral detachment 12 13.5 

Tears of posterior horn 13 14.6 

Pedunculated fragments and tears of anterior horn 8 9.0 

Cystic changes 1 1.1 

This grouping, applied to the fifteen cases of lateral meniscectomy, is as follows: 

Bucket-handle tears 4 26.7 

Tears of posterior horn 1 6.7 

Pedunculated fragments and tears of anterior horn 5 33.3 

Cystic changes 5 33.3 


The percentage incidence here is of little significance, as these cases 'were even more care- 
fully selected for operative treatment. 

Correlation of the initial accident with the type of meniscal lesion disclosed that foot- 
ball injuries produced the bucket-handle tear in both medial and lateral menisci, and that 
cystic changes in the lateral meniscus might be related to a blow in that region ; but more 
frequently the patient could remember no real injury, the onset of the disability being 
insidious. 

In a considerable number of the cases a large protuberant infrapatellar fatty pad was 
seen at operation, in addition to the cartilage lesion. When this pad showed signs of being 
nipped between the bone ends, with resultant bruising, hemorrhages, or the formation of 
fibrofatty tags or polyps, partial excision was performed. No ill effects were noted from 
this procedure in ten cases, although it might be expected that this additional intra-articu- 
lar trauma would tend to increase postoperative effusion, or even result in hemarthrosis._^ 

Less than half (five) of the posterior-horn lesions were attributable to football in-' 
juries. The majority resulted from a fall while traversing rough ground, either during 
training or in actual battle; but the character of the knee strain was similar to that in- 
curred during a football injury and consisted of rotation on the flexed knee, the foot being 
supported and taking the body weight. 

Where the lateral meniscus was torn or detached, a football injury was the initial 
cause in eight of the ten cases. No definite injury could be determined in the five cases of 
cystic change. One patient wdth cystic change in the anterior horn of the medial meniscus 
ga.ve a history of an initial twist of the knee at football, six months before, followed by '' 
frequent recurrences of pain, swelling, and locking. 
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Evidence of osteo-arihritie clianges in the knee joint was seen at operation on four 
occasions. Three of these patients had liistories of longer than two years’ duration and 
V^ivere regraded before coiniileting convalescence, but the fourth patient retained good 
function and an A category. 

Osteochondritis dissecans was noted at operation in three other cases, and, although 
recovery was normal, reclassification was carried out; the joint was regarded as unsuitable 
for severe stress and strain. 

The occurrence of a bursa around the lateral head of the gastrocnemius was noted in 
two cases, but subsided in the course of phj'siotherapeutic treatment and appeared to 
leave no ill effects. 

In one patient thrombophlebitis developed in the calf, and this necessitated longer 
y convalescenee and downward grading. 

\ 

P- 


RESULTS OF TRE.A.TMENT 

The average time spent in the Hospital after operation for all the patients in this series 
was thirty-four daj’s. In the fourteen patients who completed their treatment in the Hos- 
pital and did not go to the Convalescent Depot, the average time taken in returning to 
duty was fortj'-five days. 

The length of the histoi'j' of disability — whether less than six months or over two 
years — made no appreciable difference in this postoperative recovei-j’- rate, but frequently 
patients with a longer histoiy required a longer course of preoperative ph5'siotherapy and 
therefore a longer total period in the Hospital. An average figure for total hospital stay 
would not be pertinent in this series, as in many instances several weeks were spent in 
evacuation, with little or no preoperative treatment. The cases of cystic lateral meniscus 
had a slower recovery rate, requiring on an average forty-five days in the Hospital before 
final rehabilitation. 

Ho ill effects from the horizontal incision were noted or reported from the later fol- 
low-up. A few patients had anaesthesia and numbness in the infrapatellar region shortly 
after operation, but all signs of this had disappeared in from six to twelve weeks and no 
neuroma was reported to have developed. There was no case of wound or joint infection. 

The power of full flexion of the knee had returned in nearly all the cases within from 
twenty-one to twenty-eight days, but the length of final rehabilitation was in direct pro- 
portion to the degree of wasting and weakness of the quadriceps muscle. The average time 
taken to attain fitness for duty, including treatment at a Convalescent Depot, was fifty- 
four days. jMaking allowances for time spent at Training Depot or Reinforcement Center, 
the total period of absence from duty in the forward area would amount to appro.ximatel}' 
eighty days. The standard of fitness required for return to duty was a knee joint free from 
pam, swelling, or undue laxity, with full quadriceps power and full range of flexion and 
extension. In addition, the confidence as well as the ability to attempt the assault course, 
a fifteen-mile route march, and a cross-countrj’’ run were essential. 

Twenty-five patients failed to attain this standard. Twenty cases were graded down- 
ward into a disability category allowing only moderate stress and strain and five cases 
into a disability category for base duties only. The main cause of failure fin seventeen 
cases) was persistent quadriceps wasting, which responded very slowly to intensive treat- 
ment. Osteo-arthritis and osteochondritis dissecans each accounted for three cases of 
re^ading, and ligamentous laxity accounted for two cases. It is considered that even more 
stiict selection of the cases for operation is necessary to reduce this figure. 

Of the patients who returned to front-line duty, the majority were infantiymen or 
^nners; and it was possible, one and two years later, to follow fifty-four such cases still 
, urther. In si.x instances there had been recurrence of pain, swelling, and instability of the 
'nee joint sufficiently severe to necessitate hospital treatment. 
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These symptoms were produced by such i-elath^ely minor traumata of a twisting na- 
ture as resulted from jumping into trenches, walking over rough ground, or playing football. 
The author was fortunate enough to sec three of these patients, and to obtain reports on^ 
the remainder. AVithout exception, the disability was due to a weak quadriceps muscle, 
and the symptoms abated promptly on treatment by physiotherapy. 

These patients returned to duty and maintained their categories, but it would appear 
likely that in the course of time a certain number will have knee joints which are more 
susceptible to minor injuries; if this weakness cannot be overcome by further development 
of the quadriceps muscles or if the symptoms tend to recur frequently, regrading will be 
necessary, thus increasing still further the percentage of failures. 

CONCLUSIONS 

Meniscectomy is an operation of value in the soldier only in carefully selected cases^ 
of internal derangement of the knee joint. Under campaign conditions the operation is not 
justified in the presence of ostco-arthritis, osteochondritis, or weakness of ligaments or 
muscles. 

Total meniscectomy is preferable in order to exclude multiple meniscus lesions, and 
does not appear to cause excessive operative trauma to the joint. 

Preoperative and postoperative physiotherapy are of as great importance as operative 
technique. 

The majority of patients can be expected to be fit for duty within two months after 
operation, but in actual practice, for troops in the forward area, three months’ absence 
from the unit is to be expected. 

Note; The author’s thanks are due to Brigadier Harold Edward, Consulting Surgeon, and to Lieu- 
tenant Colonel A. J. AVatson, R.A.M.C., Adviser in Orthopaedics, for tlieir unfailing help and advice; 
and to the nursing and ph 3 'siotherapy staffs of the British General Hospitals, where these cases were 
treated. The patients themselves responded lojmlly to follow-up requests, and Major C. D. Kelly, 
R.A.M.C., at a Convalescent Depot, very kindly supplied useful case details. 
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BY JOSIU’II A. I'UKIBEKG, M.D., CIXCIXXATI, OHIO 
From Ihc Orlliopntdic DtiHirlincnL oj the CoUcijc oj Medicine, L niveriiili/ oj Cincinnati 

For a uuinbcr of years tlie writer has been dissatisfied with the rather high incidence 
)f failure of osseous fusion following the use of the standard iliofemoral operations, espe- 
;ially in the tuberculous hip. Frequently, osseous fusion has not been accomplished, even 
ifter a second operation. Other surgeons have had similar experiences. In 1942, Badgley 
ind Hammond published the end-result study of seventy-one cases in which fusion opera- 
ions had been performed on tuberculous hips. Thej* reported osseous ankylosis, requiring 
m average time of five years, in 52 per cent. An additional 22 per cent, of the patients had 
;atisfactoiy results, but with fibrous ankylosis and variable symptoms. The failure of the 
liofemoral operation has been due to the distraction eft'eet of the adductor muscles on the 
iuperiorly and laterally placed graft; and, in some cases, to the presence of diseased bone 
n the superior portion of the acetabulum. 

Brittain has pointed out that the mechanical strength of the ischiofemoral stmt graft, 
placed inferior to the hip joint, is superior to that of the flying-buttress graft of the ilio- 
teiuoral type. The former heals under a compression force, while the latter must heal under 
;ension; the force in both instances is supplied by the adductor muscles of the hip and thigh. 

Healing of tuberculous lesions of the hip has been reported by Kofraann and Tarlo, 
in 1935, and by Farkas, in 1939, as being hastened by subtrochanteric osteotomy. This 
operation allows the adductors — at least temporarily — to immobilize the hip joint without 
the sacrifice of a good functional position for fusion of the limb as a whole. Bosworth, in 
1942, reported nine cases of tuberculous disease of the hip joint, treated by ischial trans- 
plantation of the proximal end of the distal femoral fragment after a subtrochanteric 
osteotomy. Of the nine patients, osseous ankylosis developed in five, two died, fusion failed 
in one, and one had been operated upon too recently for the end result to be known. Brit- 
tain has ingeniousl 5 " combined the intertrochanteric osteotomy with the ischial transposi- 
tion of the femur, reinforced and stabilized bj- a massive tibial graft to supply osteogenic 
substance. It is of interest that Brittain reported his first operation on Febmarj^ 20, 1936, 
and Bosworth his first — ^^-ithout the gi'aft — in December 1936. 

Brittain reported thirty-five cases of ischiofemoral arthrodesis, — nineteen in tubercu- 
lous disease of the hip. Of these, 80 per cent, healed by osseous fusion after the first oper- 
ation, and an additional 8 per cent, healed by subsequent surger}^ Knight and Blulim have 
reported nine cases of Brittain ischiofemoral arthrodesis for tuberculous hips; twelve 
operations were performed, because three cases were bilateral. Two of these cases were 
too recent to permit end-result studies. Of the seven cases in which results after one to two 
years were available, ten operations were represented. In six, osseous ankylosis took place ; 
c\\'o grafts fractured; one graft was absorbed distally; and one gi-aft was involved by the 
infection, but was healing. 

The author performed seven Brittain ischiofemoral arthrodeses in a period of seven 
months — from April to November 1944 — and waited six months to determine the results in 
these cases, prior to continuing this operative procedure. Although numerous additional 
operations have now been done, end-result studies are reported only for the seven patients 
operated upon from thirteen to twenty months previously. Of these, six were patients with 
tuberculous hips, whose ages varied from seven to eighteen years; five had proved tubercu- 
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Fig. 1-A Fig. 1-B 

H.D., male, aged twelve yeais. Patient had pioved tnboiculosis of left hip, with quiescent abscess 
Fig. 1-A: Pieoperative loentgenogiam. 

Fig. 1-B: Roentgenogiam sixteen days after opciation. 



Fig. 1-C Fig. 1-D 

Fig 1-C: Roentgenogiam, seven months after opeiation, shows fusion. 

Fig 1-D: Seventeen months aftei opeiation. Patient was walking without support at seven months. 


lous lesions. One patient, a woman of fifty-three, had a painful, disabling, degenerative 
arthritis following an ancient traumatic luxation of the hip. 


RESULTS 

Of the six patients with tuberculous hips (Table I), the results after ischiofemoral ^ 
arthrodesis were as follows: Two patients (H. D. and M. M.) showed osseous fusion, 
clinically and by roentgenogram (Fig. 1-C), in seven months; one (A. J.) showed osseous 
fusion in eight months (Fig. 3-A) ; and one (S. C.) in nine months. In other words, fusion 
occurred in two-thirds of the patients in nine months. In one patient (N. K.) , an incor- 
rigible seven-year-old girl who broke her spica one month after operation and four times 
subsequently in the first five-month period after operation, firm fibrous union developed. 
She was asymptomatic and ambulatory, without support, sixteen months after operation. 
Now, three months later, she is still doing well. It was thought that in this instance the 
osteotomy alone hastened healing of the disease. In the sixth patient (R. N.) , a woman 
twenty-two years old with a quiescent pulmonary lesion, renal tuberculosis developed one 
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month after operation. The spica was removed to make retrograde pyelograms at the end 
of four months; and again, eight months later, when a nephrectomy was done. Now, one 
year after the Brittain ischiofemoral operation, the hip has minimum motion clinically, 
and roentgenograms indicate apparent healing. 

The one non-tubcrculous patient (Sister P.) , a moderatelj" obese woman of fifty-three 
who had painful, disabling, traumatic arthritis of the hip, showed clinical and roentgeno- 
graphic fusion in four months (Fig. 6-B) ; she had been up on crutches two months after 
operation. This patient walks with an almost imperceptible limp, sits well, and can kneel 
and again assume the upright position without assistance or unusual effort. Her hip is 
fused in 40 degrees of flexion, 20 degrees of external rotation, and 5 degrees of abduction. 

Data concerning five of these patients — and the patients themselves — ^were presented 
at the meeting of the Clinical Orthopaedic Society in Cincinnati, October 1945, and the 
author believes it was generally agreed that the ischiofemoral fusions produced function 
as good as, if not better than, the 
fusion obtained by the iliofemoral 
procedures. 

OPER.ATIVE TECHNIQUE 

The operative technique carried 
out has, with minor variations, been 
that described by Brittain in his 
book. In tuberculous patients, sur- 
geiy has not been performed in the 
presence of active abscesses; and, as 
in the past, surgery has lieen post- 
poned until the patient has shown an 
ability to control the tuberculous dis- 
ease by conservative therapy. 

With the patient on a fracture 
table, both lower extremities are 
fixed, with the diseased member as 



Fig. 2-A 

M M , female, eighteen years of age Roentgenogram 
shows tuberculosis of left hip of eleven years’ duration; 
right hip was normal 



Fig. 2-B Fig 2-C 

Fig. 2-B: Shows proved tuberculosis of right hip, with abscesses of three years’ duration. Con- 
servatu e therapy was employed. 

Fi^ 2-C; Shows fusion of right hip, fifteen months after operation; weight-beanng had been 
possible for four months. Note intra-articular healmg. 

'OL. 28, ^’0. 3, JULY 194G 






504 


J. A. FREIBERG 


TABLE I 

End Results,. 4 hiutekn to Pwenty Months After Operation, in Six Patients with 
4 UBERCULOUS HlPS AND OnE WITH TrAUMATIC ArTIIRITIS 


Age 

Patient and 
Sox 


M.M. 


Diagnosis 

Tuberculosis 
left hip with 
quiescent 
abscess. 

Guinea pig 
positive. 

Tuberculosis 
left hip; 
extensive 
atrophy and 
shortening. 

Tuberculosis 
right hip ; 
recently 
healed 
abscess. 

Bacilli on 
direct smear. 

Tuberculous 
spondylitis, 
3rd and 4th 
lumbar ver- 
tebrae. 

Tuberculosis 
right hip. 

Tuberculosis 
left hip. 


Onset of 
Disease 


Brittain 

Oiicration 


May 1940 Apr. 8, 1944 
Left hip. 
Right 
tibial 
graft. 


Apr. 1941 


Ma.v 1, 1944 
Right hip. 
Right 
tibial 
graft. 


Apr. 4, 1942 


Right 

tibial 

graft. 


Fusion 


Clinically 
Apr. 29, 1944 
By x-ray 
Nov. 15, 1944 


Complica- 

tions 


Clinically 
Sept. 15, 1944 
By x-ray 
Dec. 4, 1914 


None 


June 4, 1941 


Dec. 26. 1941 May 6, 1944 
Right hip. 


Clinically 
Feb. 21, 1945 
Bv x-ray 
Feb. 21, 1915 


Graft high, 
into dis- 
eased area ; 
partial 
absorption. 


Comments 

Fused in 7 mo. 
At 10 mo. full 
weight-bear- 
ing allowed. 
Asj'mptomatic. 


Fused in 7 mo. 

Full weight- 
bearing, 
asymptomatic, 
11 mo. after 
operation. 

Vertebrae 
fused spon- 
taneously. 


Fused in 9 mo. 
Patient still 
recumbent. 


N.K. 7 Tuberculosis 

Oct. 24, 1941 Mav8. 1944 

No osseous 

Five broken 

Fibrous healing, 

F right hip 

Right hip. 

fusion. 

spicas dur- 

16 mo. Jog of 

with sinus. 

Right 


ing first 5 mo. 

motion Sept. ■ 

Tubercle 

tibial 


after 

10, 1945; no 

bacilli on 

direct 

smear. 

graft. 


operation. 

fixation since. 
Asj'^mptomatic 
Dec. 10, 1945. 


A.J. 17 Tuberculosis Mar. 1943 Aug. 19, 1944 Clinicallj’' Nov. 10, 1944 Fused in 8 m9.; 

M left hip. Left hip. Apr. 25, 1945 Some bone weight-bearing 

Left tibial By .x-ray absorption, begun, 

graft. Apr. 25, 1945 ischial One .year after 

portion operation, 

graft ; later walking with- 

recalcified. out support: 

asymptomatic. 

Right renal One 3 mar after 

tuberculosis fusion, hip 

Dec. 1944. fusing in spite 

Right nephrec- of nephrec- 

tomj" Jul}'’ 31, tomjL etc. 

1945. Still in spica. 

Cast removed 
for p.velo- 
grams 4 mo. 
after fusion. 

Obesity Fused in 5 mo. 

Weight-bearing 
in short spica 
4 mo. : without 
spica, 5 mo. 

Asymptomatic. 

Excellent func- 
tion: kneels, ■ 
etc. ' 
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Sister 53 Traumatic 1921 Sept. 21, 1944 Clinically 

P. F arthritis Right hip. Dec. 14, 1944 

right hip; Right tibial Bv x-ray 

oldluxa- graft. Feb. 21, 1945 

tion. 

Disabling 

pain. 


R.N. 22 Tuberculosis 1941 Nov. 11,1944 No osseous 

F right hip. Right hip. fusion. 

Pulmonary Left tibial 

tuberculosis, graft, 

quiescent. 




Fig. 3-A 


Fig. 3-B 


AJ., male, seventeen j-ears of age, had tuberculosis of left hip. 

Fig. 3-A: Roentgenogram taken after seventeen months of conservative therapy. 

Fig. 3-B; Shows left hip, eleven months after operation; fusion had been demonstrated, clini- 
cally and by roentgenogram, for three months. Patient was bearing weight. 



Fig. 4-A 


Fig. 4-B 


S.C., male, seven years of age. 

Fig. 4-A; Shows tuberculous spondylitis of third and fourth lumbar vertebrae; tuberculosis of 
right hip of three years’ duration ; and tuberculosis of left hip of two years’ duration. 

Fig. 4-B; Shows right hip, immediately after operation. Graft was too high and too long. 



Fig. 4-C Fig. 4-D 

Fig. 4-C : Three months after operation ; graft being absorbed proximally. 

Fig. 4 -D; Fifteen months after operation; ischiofemoral fusion and intra-articular fusion have 
occurred. 
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nearly as possible in the ideal position for ankylosis. Two skin clips are applied, — one 
over Poupart’s ligament at the junction of the middle and proximal thirds, and a second 
anteriorly, just below the inferior border of the greater trochanter. While a film on a por!f,‘ 
able machine is being taken and developed, a full-thickness tibial graft from the same leg is 
removed with a bone saw ; the entire flat surface and the medial and anterolateral surfaces 
of the tibia are included, as is done by Brittain. The length of the graft varies with the 
size of the patient, and may be from three to five inches. The tibial wound is closed; the 
periosteum may be approximated easily because of the size of the graft removed. Through 
a lateral incision, beginning at the middle of the greater trochanter and carried distally 
about three inches, the periosteum of the femur is split longitudinally, retractors are in- 
serted, and the lesser trochanter is identified blindly with a narrow blunt dissector. With 
the skin clips and roentgenogram as guides (Fig. 7-A) , a thrce-sixteenth-inch drill is in- 
serted. about an incli below the greater trochanter and directed., proximal to the lessei 
trochanter, in a plane planned to meet the base of the ischium, the pubis, or healthy sub- 

acetabular bone; this plane depends 
upon the degree of bone destruction, 
the angle of the proposed fusion, and 
variation in the specific osseous anat- 
omy. Another roentgenogram is 
made. A cleanly cut intertrochanteric 
osteotom yis now done; one of two 
identical osteotomes is used, with 
graduated quarter-inch scales marked 
on the narrow edge of the one and 
one-eighth inch blades. The osteo- 
tome is pushed gently but firmly 
medially in the coronal plane until 
bony contact is made, and is driven 
a short distance farther. UsualW 
this is a distance of from one to one 
and one-half inches from the medial 
border of the femur. A third roent- 
genogram is now made. If the posi- 
tion of the osteotome is correct (and 



Fig. 5-A 

N.K., female, seven years of age. Roentgenogiam 
shows pioved tubeiculosis of right hip, with healed sinus. 



Fig. 5-B 5-C 

Fig. 5-B : Shows right hip, soon after operation ; graft was rather high, with too little displace- 
ment of femur. 

Fig. 5-C: Thirteen months after operation fibrous healing had occurred, without symptoms. 
Cast had been bioken five times in fiist five months after operation. 
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it usually is), with moderate traction on the limb, the second osteotome is placed on 
top of the first and, with the scale of the first osteotome as a guide, is driven into the ischial 
>)bne for a distance of from one-half to one and one-half inches, depending upon the size 
of the patient. The second osteotome is withdrawn and the tibial graft, with its medullaiy 
surface down and its proximal end beveled, is inserted along the surface of the first 
osteotome. After the graft touches the pelvic bone, it is driven in solidly. The first 
osteotome is now withdrawn. While some traction is maintained on the leg, without in- 
creasing the abduction, the proximal end of the distal fragment is displaced medially until 
contact with the bone is felt; a wide bone impacter is used. Following this simple pro- 
cedure, the author has experi- 
enced no difficulty in displacing 
and maintaining the distal frag- 
ment medially transposed. The 
medial cut in the femoral peri- 
osteum produced by the osteo- 
tome has sufficed in more than a 
dozen operations, and there has 
been no indication that the peri- 
osteum also needs to be severed 
by a scalpel, as suggested by 
Knight and Bluhm. While the 
wound is being closed in a routine 
manner, a final roentgenogram is 
made. A long single spica or a 
double hip spica is applied, which 
includes the foot and extends to 
the mid-thoracic level. The tibial 

graft is removed from the same Sister P., female, fifty-three years of age. Patient had pain- 

, . , ,, , . • ful traumatic arthritis of right hip, of twenty-three years' 

limb upon which arthrodesis is duration. 




liin months after operation there was clinical and roentgenographic fusion of right 
‘■‘P, witn mu weight-bearing. 

exfeflent*^' massive fusion of right hip, one year after operation. Functional result was 

A* 
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being performed; no protection of the other limb is necessary. The fused hip is sur- 
prisingly stable at the completion of the operation. The lessened discomfort occasioned 
by a single spica, especially in an adult, and the stability of the hip have warranted its usrf' 
in several instances. 

The relative positions of the intertrochanteric area of the femur and the ischium are 



Fig. 7-C 

One and one-half months after opeiation, giaft and femoral apposition are ideal. Callus is 
forming along gtaft. 
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I'lC S 

Photograph of ^keIeton, with left femur modeiately flexed. Tracing of right femur in 
appro.xiinatel.v 15 degrees of e.xtcinal rotation For ehildien, with liip in extension, inter- 
tioehanterie aiea in eoional plane overlies i--ehium_ For adults, with hip flexed 40 degrees, 
intertroehanteiic aiea partially overlies wliium. Note obliquity of obturator foramen. A 
graft, the full width of the tibia, would strike the ischium or pubis, but could not enter the 
obturator foiamen without coming into contact with bone, if intioduced in the coronal plane. 



Flo. 9-A 


R.T., male, forty-five years of age. 

Fig. 9-A: Shows Charcot hip, before operation. 
Fig: 9-B: Two months after operation. Patient 
extremities and pelvis ; cast was radicall 3 ' split ; and 
theless, osleotomy is healing, and gi'aft is viable. If 



Fig. 9-B 


had postoperative bilateral oedema of lower 
graft and femur shifted spontaneouslj'. Xever- 
fusion fails, hip should be stable. 


town in Figure 8. With the lower extremity rotated externally 20 degrees for ideal func- 
tion, the trochanter lies posterior to the plans of the femoral head and to the acetabulum. 
In children the hip is fused in extension, with allowance for some flexion to dex'elop during 
subsequent growth. In adults, with the femur flexed about 40 degrees, the intertrochanterie 
area ^or site of osteotomy — in the coronal plane ox^erlies approximately the anterior third 
of the ischium. In the coronal plane, the full-width tibial graft is wider than the obliquely 
situated foramen. Therefoi-e, if the osteotome and gi'aft should fail to come into contact 
with the ischium, they must meet either the subacetabular bone or the base of the pubis. 
’ ree, non-osseous entrance into the obturator foramen has not occurred. 
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DISCUSSION 

The basic principles of the Brittain ischiofemoral operation are simple. An adequate, 
rigid tibial graft must be firmly implanted in healthy pelvic bone. The proximal end of 
the distal femoral segment must be displaced medially to the ischium, so that new bone 
need not develop across a dead space bridged only by the graft. Uniform contact between 
the cut surfaces of the femur and the graft ensures moderate immediate fixation, early 
healing, and maintenance of the original operative position. If the hip joint has limited 
mobility at the time of operation, satisfactory apposition of the femoral surfaces and the 
graft should not be sacrificed in an attempt to perfect the angle of the fusing hip. This is 
the principle followed in the treatment of any fracture, — traumatic or surgical. Early re- 
lease of the external fixation, whether accidental or intentional, may jeopardize the end 
result. The only instance in the author’s experience where the graft became displaced was 
after a drastic splitting of the spica, two weeks after operation; it was indicated by exten- 
sive oedema of both lower extremities, extending up to the waist. This was in the patient 
with a Charcot hip (R. T.). Following the disappearance of the oedema, a new spica was 
applied. Although the graft became somewhat displaced, two months after operation fusion 
appeared to be developing (Fig. 9-B). 

In patients with tuberculous lesions, the osteotomy should obviously be done at a level 
and at an angle which will allow the graft to be imbedded in bone not involved in the 
infectious process. In one patient (S. C.), partial absorption of the graft (Fig. 4-C) fol- 
lowed apparent extension of the disease from the acetabulum into the graft. In this in- 
stance, however, the end result was a satisfactory osseous fusion. 

There is no need for a great degree of obliquity of the osteotomy; rather, a firm apposi- 
tion of the femoral fragments wuth the graft and satisfactory imbedding of the graft 
should be sought. Depending upon the specific relations of the damaged hip joint, the 
angle of osteotomy should vary from the transverse plane to an angle of 45 degrees. 

Although end results are reported on only seven cases, the high percentage of osseous 
fusion obtained, the relative simplicity of the operative procedure, and the absence ot 
shock have convinced the writer that this Brittain method of performing hip-fusion opera- 
tions should be given an extensive trial by orthopaedic surgeons. The indications for 
Brittain ischiofemoral arthrodesis are multiple; one of these is in Charcot’s hips, which 
were previously amenable to arthrodesing operations only in the earliest phases of the dis- 
ease. The contra-indications for this operation occur in those few instances where diseased 
bone cannot be “short-circuited” by the osteotomy and graft. One such tuberculous hip 
has been encountered during the past year, with a large calcifying abscess situated between 
the intertrochanteric area of the femur and the ischium. 

CONCLUSIONS 

Of six patients with tuberculous hip joints upon whom the Brittain ischiofemoral 
arthrodesis was performed, osseous fusion developed in four within from seven to nine 
months. In one case, with postoperative extraneous complications, fusion is apparently 
taking place after one year. In one adult, a painful, disabling traumatic arthritis of the 
hip was healed by osseous fusion in four months. Additional patients upon whom this 
operation has been performed are showing every eAudence of a similar high percentage of 
osseous fusion. 

The Brittain ischiofemoral arthrodesis ideally combines an intertrochanteric oste- 
otomy, which allows temporary joint rest, and an inferiorly placed strut graft; healing 
occurs under compression stresses, rather than tension stresses, as in the iliofemoral oper- 
ations. 

* Since tliis paper was prepared six additional Brittain fusions have been done, with results as satis- / 
factory as those reported. 
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DISCUSSION 

Dr. C.\rl C. Ch.\tteuton, St. P.\ul, Mixnesot.\: I am sure we have enjoyed this excellent paper of 
Dr. Freiberg's, describing a good arthrodeAs, e.vtra-articular, of the hip joint; and it is my belief that, in 
the future, a greater number of extra-articular fusions of the hip joint will be of this type. 

At the Gillette State Hospital, a Minnesota institution for crippled children, from July 1, 1924, to 
December 10, 1945, forty-six arthrodeses of the hip have been done. We find in this number that four 
were the Albee type, three were the Brittain type, one the Henderson type, nine the Hibbs type, and 
twenty-nine the Wilson type of fusion. Of these forty-six fusions, seven were refusions. 

There was one case in which a fibrous fusion of the hip was progressing satisfactorily; therefore, 
there were really thirty-nine cases taken care of, with se% en refusions and one hip which was still 
not stable. 

At this Institution the time spent in the Hospital is not especially considered. All of the patients 
remained until their hips were in satisfactory condition; and the interesting thing to me was the de- 
formity which took place, in spite of bony arthrodesis. We find in going over the cases that there were 
ten which required osteotomy for correction of deformity, — that is, of flexion and adduction. No patients 
have died as a direct result of the operation, but three have died since the date of operation. 

In all of these cases e.xcept two, the arthrodeses were done because of a tuberculous condition. 

I do believe that the point which Dr. Freiberg makes in his paper — namely, that the adductor 
muscles help stabilize the graft — is a very important consideration; practically all of the cases taken 
care of at Gillette Hospital which required operation for deformity were for deformity of fle.xion and 
adduction, especially adduction. There are several patients walking around with their hips flexed as 
much as 45 degrees, upon whom operation has not been done. Therefore, I can only recommend the 
Brittain operation after our experience with three patients whose hips have remained in excellent 
position. 

Upon further reviewing the cases, we find that we had incomplete fusions after five Wilson opera- 
tions and two Albee operations. The Hibbs operation in nine cases resulted in fusion in every instance. 
One of the Brittain operations did not produce solid fusion, but I felt that the time period had been too 
short for us to be absolutely sure that union was not going to take place. The record also shows that the 
greater number of Wilson operations were done on children under ten, while the Hibbs and Albee 
operations were done on older children. Of course, the Brittain operation can be done at any time, 
practically regardless of age. 

I do beheve at this time that the Brittain operation is the best extra-articular fusion for securing 
an ankylosis in tuberculous disease of the hip joint. 

Dr. Robert A. Knight, Memphis, Tennessee; Dr. Freiberg has brought to our attention a valu- 
able method for inducing arthrodesis of the hip joint. Its advantages are many and its disadvantages 
and complications are relatively few. 

Some of the complications in connection with this procedure have occurred in regard to the follow- 
ing points; 

1. hnproper Selection oj Cases: The chief contra-indication in this respect has been the occasional 
case m which there is downward extension of the tuberculous process into the ischium. Also, one case 
0 tuberculosis of the hip joint wdth an associated tuberculosis of the trochanteric bursa was not con- 
sidered satisfactory. 

“• j'^Proper Insertion of the Graft into the Ischium: In one instance, the tuberculous disease 
involved the graft as a result of insertion of the graft into the diseased portion of the ischium. A sinus 
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formed, and secondary infection followed. Fortunately, involucrum formation eventually proved ade- 
quate to give a solid ischiofemoral arthrodesis, despite sequestration of a portion of the graft. 

3. IncompleLo Medial Displacement of the Shaft of the Femur Against the Ischium: Complete 
medial shifting of the shaft hastens consolidation of the fusion mass, which consists of the ischium, graft, 
and proximal end of the femur, and reduces the strain upon the graft. The strain from incomplete medial 
displacement has been responsible for fracture of the graft and for absorption about the outer end of the 
graft, which took place in our early cases, where displacement was incomplete. These complications 
greatly prolonged the period of necessary immobilization after operation. 

My experience with this method has been almost entirely confined to cases of tuberculous disease 
of the hip joint, but its use in other types of disease of the hip joint requiring arthrodesis is apparent. 
It is probably the most rational and practicable method of obtaining arthrodesis in Charcot’s disease of 
the hip joint, and I am most impressed with Dr. Freiberg’s use of it in his case of Charcot’s disease. 

Dr. David M. Boswoutii, New York, N. Y.: When similar operations — such as the femoro-ischial 
transplant or the Brittain operation — arc first introduced, it would seem that one or the other would 
supplant its alternate in usefulness. As time goes on, however, one may find different indications of 
usefulness for each procedure. Neither of them supplants routine hip fusion, where the bony parts of a 
hip joint remain relatively intact and in position and where mixed infections are not present. The 
percentage of absolute ankyloses reported by each procedure to date is about equal. For a femoro- 
ischial transplant to work well, considerable shortening and displacement upward of the trochanteric 
portion of the shaft must have occurred. Under such circumstances, gain in length can be secured by 
transplantation to the ischium under tension, b 3 '' using a grooved pry. In such situations the Brittain 
operation not only fails to gain length, but actual^'^ allows for shortening. The upper end of the femur 
slides inward and upward under the oblique lower margin of the tibial graft, which has been inserted, 
through the osteotomj'' site, into the pelvis. In cases where only moderate crumbling of the head of the 
femur and slight upward displacement arc present, there is so much rela.\ation after a femoro-ischial 
transplant that instability results. In such cases the Brittain operation is excellent. Even here, however, 
it is excellent only if so much disorganization has occurred that routine hip fusion cannot be done. 

Where a mixed infection is present in the hip joint, one should not expect that surgical exposure 
by either the Brittain operation or the femoro-ischial transplant will remain outside the infected area. 
We have shown that, normalljq extension of the synovial membrane of the hip joint downward to the 
level of the lesser tuberosity of the femur occurs. The placing of a graft or the cutting off of the femoral 
shaft at this level, therefore, may traverse infected tissue. I believe that this accounts for the dis- 
organization of some of the Brittain grafts, and for the occasional flare-up of infectious lesions by 
femoro-ischial transplants. There is always the great advantage in a femoro-ischial transplant that 
additional separate dead bone fragments need not be implanted, and that a second ostectomy site need 
not be created. As regards this latter, our records have led us to expect, in approximately 10 per cent, 
of the cases, pathological fracture of the tibia following ostectomy in securing grafts. 

To crystallize our feeling, therefore, we would judge that hip fusion should be done whenever 
possible; that the Brittain operation might prove preferable whore only moderate disorganization of 
the femoral head and neck were present and but little upward displacement of the trochanteric area 
existed ; and that the femoro-ischial transplant would be the method of choice where massive destruction 
of the head and neck of the femur had occurred and marked upward displacement of the trochanteric 
portion beyond the acetabulum was present. 
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Its Application in Orthopaedic Conditions 
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From the Division oj Orlhoinicdict,, School of Medicine, Tttlane Uniuenily of Louisiana, 
the Dej)arlmcnL oj Orthopaedics, Ochsner Clinic, and Charily Hospital in New Orleans 

Sympathetic block, a development of the observation that areas made anaesthetic 
through local injection show increased surface temperature, has become a most important 
branch of regional anaesthesia. A plausible explanation for this effect has been suggested 
by Ochsner and DeBakey: “As a result of vasospasm there occurs increased filtration pres- 
sure, ano.xia of the capillary endothelium, and diminution in the flow of l 3 miph, setting up 
a vicious circle. Interruption of the vasoconstrictor impulses bj”^ procaine hydrochloride 
block of the regional sjmipathetics breaks this vicious circle by increasing pulsations, im- 
proving circulation and tissue oNj^genation, and increasing lymph flow.” The diagnostic, 
prognostic, and therapeutic applications of sjunpathctic block to the lower extremity are 
well known and have been cmploj'ed frequentlju In contrast, regional block of the sym- 
pathetic nerves suppljdng the upper extremitj^ has been neglected. Stellate block is not 
only equally applicable to similar conditions of the upper extremity, but to many other 
painful conditions as well. 

The authors have employed infiltration of the stellate ganglion with procaine hydro- 
chloride in approximately 400 cases of painful orthopaedic lesions in the upper extremi- 
ties, from which they have selected for presentation eighteen cases of acute subdeltoid 
bursitis; twelve cases of periarthritis; five cases of myositis and fibrositis; eight cases of 
hypertrophic arthritis; five cases of the infectious arthritides; twenty-five cases of pain 
and swelling following trauma (fractures, dislocations, and contusions) ; and five cases of 
causalgia following trauma (Table I) . In each category, only those cases hai'^e been chosen 
which have been followed carefully. 

1. Acute Subdeltoid Bursitis 

Acute subdeltoid bursitis is characterized by pain, swelling, heat, redness, and tender- 
ness, localized over the bursa; and by limitation of shoulder motion because of pain. 
Eighteen patients with this condition were treated by stellate block. The patients ranged 
m age from nineteen to seventy-eight years; the average age was 42.6 years. Five of the 
patients were women. The average duration of s^'mptoms was 5.8 days, ilost of the 
patients had been treated previously by the application of heat, massage, or immobiliza- 
tion, or by a combination of two or more of these measures; only four patients had had no 
previous treatment. Immediate relief was classified as excellent in 83.3 per cent, and as 
good in 16.7 per cent, of the cases. Fifty per cent, of the patients obtained considerable 
relief from pain after one block; the remainder required additional blocks at intervals of 
from one to seven days ; but in all the pain was relieved subsequently. Striking improve- 
ment in motion in the joint was noted in all cases, and this usually developed within a few 
minutes after a successful block. 

2. Periarthritis 

This condition is a sequel of acute bursitis, in which adhesions form in and about the 
bursa and involve the periarticular structures. Motion is limited, because of the pain and 
adhesions. Although symptoms are usually of longer duration, they are not so severe as in 

nois. Januar^y’l9‘46““““’ Meeting of The American Academ3- of Orthopaedic Surgeons, Chicago, Illi- 
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TABLE I 


Painful Outhopaeuic Lesions in Sevunty-Eioiit Patients Tiieated by Stellate Block 







Results 

Diagnosis 

Number 

of 

Cases 

Average 
Age 
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Average 

Number 

Immediate 

Remote 


of 

Blocks 
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{Per 

cent.) 

Fair 

(Per 

cent.) 

Poor 

{Per 

cent.) 

Good 

(Per 

cent.) 
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{Per 

cent.) 

Poor 

(Per 

cent.) 

Not 

Followed 

Acute subdeltoid 
bursitis 

18 

42.6 

1.8 

100 



77.7 

16.6 


5.5 

Periartliritis 

12 

56.7 

2 

100 



50.0 

41.7 

S.3 


Myositis and fibrositis 

5 



100 



SO.O 

20.0 



Hypertrophic arthritis 

S 



100 




50.0 

37.5 

12,5 

Infectious arthritides 

5 



SO 

20 


40.0 


60.0 


Posttraumatic pain 
and swelling 

25 


1.7 

100 







Posttraumatic 

causalgia 

5 



80 


20 






the group with acute inflammation. After subsidence of the pain, these patients were 
treated routinely by the application of heat, light massage, and relaxed circumduction. In 
this series of twelve cases of periarthritis, the ages ranged from thirty-six years to seventy- 
nine years, with an average age of 56.7 years. Symptoms lasted an average of 32.6 days. 
Half of the patients in this group were women. The average number of blocks required for 
relief was two, at intervals of from one to seven days. The end results in this group were 
not so striking as those in the patients with acute subdeltoid bursitis, but this was to be' 
expected in view of the structural changes which occur in such cases. However, pain was 
relieved sufficiently to make possible a much more active range for the institution of 
physical therapy. 

3. Myositis and Fibrositis 

These conditions are characterized by diffuse involvement of a group of muscles; the 
involvement may be acute or chronic. The patient often gives a history of previous muscle 
strain or of unusual exposure. The condition is analogous to the more widely known lum- 
bar myofascitis. 

Since there were only five cases in this group, statistical analysis is not possible. It 
was noted, however, that eventual relief was secured over a longer period of time; this 
observation tends to minimize the role played by the blocks. The relief obtained was prob- 
ably due to anaesthetization of the communicating branches to the fifth and sixth cervical 
nerves from the middle cervical ganglion. 

4. Hypertrophic Arthritis 

This is a painful inflammation of the elbow, shoulder, or hand, following formation of 
new bone at the articular margins and degeneration of the articular cartilage. It is usually 
seen in middle-aged persons who also show involvement of other joints. The ages in this 
group ranged from forty-three years to seventy-nine years. Six of the eight patients were 
women. The duration of symptoms varied from three weeks to two years. Most of the 
patients had previously been treated with salicylates and the application of heat. More 
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than one block was required in all but one case. Relief from pain was transitory, and this 
was apparently due to the irreversible tissue changes which had already occurred. 

5. Infectious Arthritides, — Specific and Non-Specific, Acute and Chronic 

Five men, ranging in age from seventeen to forty-nine years, with infectious arthritis 
of from five weeks’ to three years’ duration, had between one and three blocks at intervals 
of from one to seven days. Only temporary relief from pain was obtained. Repeated 
blocks, by making the condition more tolerable, might also make it more amenable to 
specific treatment. 

6. Pain and Swelling Following Trauma (Fractures and Dislocations) 

Seventeen patients with pain and swelling following fractures or dislocations were 
included in this group. Stellate block was done after reduction of the fractures and disloca- 
tions; the relief of pain and diminution in swelling were so pronounced in the majority of 
cases that the authors now use this procedure almost routinely for patients complaining of 
pain and “tight casts”. In this gi'oup, the ages varied from fifteen to seventy-four years. 
Seven of the seventeen patients were men. The series included cases of anterior dislocation 
of the shoulder, fracture of the spine of the scapula, fracture of the surgical neck, fractures 
of the upper and middle thirds of the humerus, Colles’s fracture, fractures of the fingers, 
and supracondylar fractures of the humerus. The number of blocks averaged 1.94, at inter- 
vals of from one to seven days. The immediate result was excellent, and in many cases it 
was possible to avoid cutting casts which formerly would have required splitting. 

7. Pain and Swelling Following Trauma (Contusions) 

In this group of eight cases of pain and swelling following contusions, relief of pain 
was almost immediate, — presumably because of the relief of vasospasm secondary to the 
direct trauma. The ages ranged from twelve to fifty-two years, with an average of 32.5 
years. Two of the eight patients were men. When these patients were seen after an interval 
of one week, their pain had uniformly subsided; this may have been due to the natural 
resolution of the process, but apparently the blocks also hastened it. 

jNIahorner used sympathetic blocks in a number of conditions for residual posttrau- 
matic pains and for causalgia, and commented upon the remarkable relief from pain in at 
least 75 per cent, of the cases. In many of these cases pain was “the only residual which 
would interfere with an otherwise satisfactoiy or perfect result”. 

8. Posttraumatic Causalgia and “Phantom” Pain After Amputation 

In these five cases there was definite injury to the nerves. All but one of the patients 
were men; their ages ranged from twenty-six to fifty-four years. The cases included trau- 
matic amputation of two fingers, dislocation of the left shoulder and paralysis of the deltoid 
muscle, traumatic amputation of the right hand, compound shotgun fracture of the right 
elbow, and compound fracture of the left elbow. 

Again it was found that blocks, as a rule, gave excellent relief from pain and diminu- 
^tion of swelling. One patient in this group suffered from intolerable causalgia after a 
crushing injury to his hand. Complete and immediate, but transient, relief followed block- 
ing; and this was carried out twice a week for six months (a total of fifty blocks) before 
the patient decided to have a ganglionectomy. We have not had the opportunity to try 
blocks for “phantom” pain following amputation of the upper extremity, but the procedure 
proved of definite value in two cases of mid-thigh amputation. Leriche and Fontaine 
relieved neuralgia of the amputation stump by this method. Livingston reported ten cases 
of amputation of the upper extremity with classical “phantom” pain. All of these patients 
lad one or more injections of procaine hydrochloride near the thoracic sympathetic ganglia 
i- ot the affected side. “In 8 of the cases the patient felt immediate relief from pain, together 
mth an extraordinary seciucnce of subjective and objective changes.” 
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In Technique I, the patient is supine, with the head rotated to the opposite side to make the 
sternocleidomastoideus stand out. The sixtli cervical vertebra is located in relation to the seventh 
cervical spinal process posteiiorly, and to the ciicoid caitilage anteriorly. The finger, inserted toward 
the sixth ceivical transverse process, displaces sternocleidomastoideus and caiotid-sheath structures 
laterally, and trachea mediallj'. The finger is pushed in until it touches the sixth cervical transverse 
process or the region of origin of the scalenus anteiior, and is held there. The needle is inserted 
directly below and parallel to the finger, until it touches or appro.ximates the transverse process. 



THE JOURNAL OF BONE AND JOINT SURGERY 



SYMPATHETIC BLOCK OF THE STELLATE GAKGLIOX 


517 


‘ExterrYail 

Jt-Lgl-LlcLr VCLrY 



pqnnpa.thabic ^ 
trurrck- ^ 


‘Tr^a.TYSvczrse 

procczss of- yi 

2IL' 

i3 I ' " 

Mh 

4^' ^ ^ A 

Poirxt'ot 

needle, insertion. 



Pi Uouj 
u-nder shouldtir 


Fia. 2-A 

In Technique II, the patient is supine The head is turned up and away from the side to be blocked, 
in order to make the sternocleidomastoideus stand out The si\th cer\ical trans\erae process is 
located as before (See Figs I-A and Z-B) Tiie sternocleidomastoideus and external jugular vein are 
displaced anteriorly and the needle is mserted at right angles to tip of thumb, which is held on 
posterior margin of sternocleidomastoideus, anterior to the si\th ceriical transverse process 



DISCUSSION 

The results obtained from stellate block in these cases indicate that the procedure is 
0 efinite therapeutic value in certain orthopaedic conditions. The infrequency of its use 
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can be attributed to lack of a routinely successful approach; fear of vascular, neural, or 
pulmonary complications; and uncertainty as to its indications. As in other surgical pro- 
cedures, careful study of the anatomy and landmarks involved, an understanding of the 
technique, and an awareness of possible complications will greatly reduce the risk. 


PROCEDURE 

The authors have tried all the approaches that they could find described in the litera- 
ture and have obtained the most consistently satisfactory results from modifications of 
the descending-infiltration technique of de Sousa Pereira. In an excellent paper, he de- 
scribes the well-known anatomical features; and also points out the importance of the 
aponeurosis at the base of the neck, which acts as a pathway of diffusion for the anaesthetic 
solution from the level of the transverse process of the sixth cervical vertebra to the middle 
cervical and stellate ganglia. By utilizing this pathway, one can obtain consistently good 
blocks with needles of Wassermann or hypodermic length, instead of the usual and more 
lethal spinal-length needle. These “short-needle” techniques have enabled the authors to 
do stellate blocks with greater safety, ease, and speed than is possible with any of the 
other methods. 

Technique I (Figs. 1-A and 1-B) : The patient is given one of the shorter-acting bar- 
biturates thirty minutes prior to infiltration. With the patient supine and the head flexed 
slightly on a pillow and rotated away from the site of injection, the manipulating finger is 
placed approximately one and one-half inches above the sternoclavicular junction. Pres- 
sure is exerted toward the transverse process of the sixth cervical vertebra, which is easily 
located in relation to the prominent seventh cervical spinous process and to the cricoid 
cartilage, anteriorly. Forcible displacement of the sternocleidomastoideus and carotid- 
sheath structures laterally, and of the trachea and oesophagus medially, is produced. With 
further inward pressure, the medial border of the scalenus anterior muscle can be felt. The 
finger tip is held at this point, in relative contact with the transverse process of the sixth 
cervical vertebra, which is palpable in some cases. After a skin wheal has been raised, a 
22-gauge or 24-gauge needle, one and one-half to two inches long, is inserted below and 
parallel to the palpating finger, until its point either touches or approximates the lower 
border of the transverse process. The syringe is then removed from the needle, and the 
fluid in the hub is watched while the patient inspires deeply. If the needle is within the 
pleural space, fluid will be sucked in. Fluid will well out if the subarachnoid space has 
been tapped. The syringe is reinserted and, if no blood is obtained on aspiration, one cubic 
centimeter of 2 per cent, procaine hydrochloride is injected slowly. If no untoward reaction 
occurs, an additional four cubic centimeters is injected after aspiration; the needle is 
removed ; and the patient is helped to a sitting position. If a good block has been obtained, 
conjunctival injection appears almost immediately and precedes the miosis, ptosis, exoph- 
thalmos, and anhidrosis typical of Horner’s syndrome. If vasomotor block and pain block 
of the upper extremity do not appear within fifteen or twenty minutes, even though 
Horner’s syndrome has developed, it is probable that diffusion of the anaesthetic has been 
insufficient for complete block of the stellate ganglion. De Sousa Pereira advises that, 
when this occurs, reinfiltration be performed inferiorly, toward the base of the seventh 
cervical transverse process. 

Technique II (Figs. 2-A and 2-B) : Another approach, which is employed by Patzer, 
is easier to perform, particularly in thin persons. With the patient supine, the transverse 
process of the sixth cervical vertebra is palpated posterior to the external jugular vein and 
behind the posterior border of the sternocleidomastoideus. The palpating finger then dis- 
places the sternocleidomastoideus and the carotid sheath medially; and infiltration is 
effected, as before, anterior to the transverse process of the sixth cervical vertebra and 
medial to the border of the scalenus anterior. 
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CO.MPLICATIOXS OF STELLATE BLOCK 

Several possible complications may follow stellate block of the sympathetic ganglia 
f the upper extremities. 

Psychic reactions are manifested by mild, transient signs of syncope, palpitation, per- 
piration, weakness, and excitement; they can be controlled by assurance and sedation. 

Procaine reaction — fortunately, a rare occurrence — is evidenced by excitement, palpi- 
ation, and dyspnoea, followed by convulsions and respiratory failure, and terminating 
lossibly in death. Such a serious development can usually be prevented by close observa- 
ion after the initial small injection. If this reaction occurs, the patient should be given 
larbiturates intravenously, and o.\ 3 'gen should be administered. A prophylactic skin test 
3 advisable as a routine procedure. 

Pneumothorax occurred in one case after a block by the “long-needle” technique. 
Dyspnoea and thoracic pain were slight, and subsided completely after twenty-four hours 
tf treatment by bed rest and the administration of nasal o.xygen. 

Hematomata following perforation of an artery or vein occurred in six cases, but were 
)f no consequence, except that thej' precluded the injection of procaine. 

Subarachnoid injection is a fatal complication, but one which is absolutely avoidable. 
Recurrent laryngeal -paralysis and phrenic block are manifested by transient hoarse- 
less, aphonia, and unilateral paralysis of the diaphragm. The symptoms recede spon- 
aneously. Obviouslj’’, bilateral block of the stellate ganglion should never be contemplated. 

COXCLUSIOXS 

In cases of recent acute lesions of the upper extremity, stellate block affords relief 
irom pain which is almost universally gratifying. These patients submit to, or even seek 
3ut, consecutive blocks. That the pain is probably vasospastic in origin is suggested by the 
fact that complete relief follows one or more blocks at frequent intervals. Clinical sub- 
stantiation is evidenced by the results obtained in acute inflammatory and posttraumatic 
conditions, in which the major etiological factor is known to be circulatory impairment. 

In chronic cases, in which the lesions have been present until such anatomical changes 
as adhesions, erosion of cartilage, or aberrant calcification supervened, it is obvious that 
only transitory relief from pain can be obtained. Adjunctive physical therapy should be 
employed in such cases. The range of physical therapy tolerated is in direct proportion to 
the relief of pain afforded by stellate block; and, in cases showing definite but transient 
improvement, it may be well to consider blocking with more noxious chemicals, such as 
alcohol derivatives ; or even employing sympathectomy. 
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DISCUSSION 

tl ^ ^ Lincoln, Nebr.ask.a; It is unfortunate that novocaine block of the sj-mpa- 

le ics IS not more generally recognized as a diagnostic and therapeutic aid in connection with those con- 
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ditions in which local civculatoiy insufficiency can be influenced by breaking the reflex arc. However, it 
must Dot be considered a panacea. The work of Ochsuer and DcBakcy and of othens stimulated my ex- 
perimental studies in this direction some years ago. Thc.se .studies opened my cyc.s to tlie opportunities 
afforded for the therapeutic use of novocaine block in many conditions where I had previously not recog- 
nized its value. 

This essay eminently calls attention to many of thc.se conditions. My experience has been far more 
limited as to number of cases treated, but the gralifj'ing observations with respect to block of the stellate 
ganglion in subdeltoid bursitis, posttraumatic swelling of the upper extremity, and certain subacute infec- 
tious or traumatic soft-tissue derangements of the elbow would lead me to be convinced of the authors’ 
results in the other conditions enumerated. 

It is well that attention has been called to the pitfalls of inexperience in the technique of perform- 
ing the block; but, if one follows meticulously cither the technique described b}' Ochsner and DeBakey 
or that of de Sousa Pereira, there is relatively little danger of comi)licating phenomena. 

Our experimental work in animals showcel that block of the stellate ganglion gave its maximum 
response for an average of fifty-six hours; ami, with this as a criterion, we have observed that this 
maximum of effectiveness, as checked by thermocouple in the human, averaged about seventy-two hours. 
Therefore, we have the feeling that it is better to rcimat the block after seventj'-two hours than to chance 
having the pain and symptoms return to the region involved; for, if maximum effcctivene.ss of the block 
can be maintained over a longer period, the possibilities of permanent relief are more probable. 

Dr. Edward L. Compere, Chicago, Illixois: For about six years, I have been using a method similar 
to that described by Dr. Caldwell, Dr. Broderick, and Dr. Rose for injecting the muscles and the sympa- 
thetic ganglia of the neck. My experience docs not include so manj' cases as have been reported bi’’ these 
authors. I have not had the opportunity of treating a case of phantom-limb pain. In most of my patients, 
some type of physiotherapj' has been employed, in addition to the injections of procaine. The results 
which I have obtained have been approximately as satisfactory as those reported bj^ these authors. 

I do wish to raise one question. The immediate improvement in the circulation of an upper extrem- 
ity and the relief of pain may bo due to rela.\ation of a tight scalenus anterior muscle, into which some 
of the procaine has been injected. I have also observed beneficial results in my patients when there was 
evidence that the stellate ganglion had not been reached, as shown by complete absence of Horner’s 
syndrome. The scalenus anterior syndrome is merely a reflex spasm of the muscle produced by any one 
of several conditions in the area of the cervical spine. Therefore, I am of the opinion that an effort should 
be made to relax this muscle by injecting a few cubic centimeters of the procaine into the muscle, as well 
as into the fascial spaces at the level of the transverse processes of the sixth cervical vertebral body, 
whence it may infiltrate downward to the stellate ganglion. 

I have found it much easier to carry out the procedure of procaine injection with my patient sitting 
upright. On several occasions these patients have become quite faint, and it is most important that an 
assistant be ready to lend a hand, should syncope impend. 


THE USE OF ILIAC BONE IN BONE-GRAFTING AND ARTHRODESIS 


BY CAPTAIN C. A. LCCKEY ANT) LIEUTENANT COLONEL CAUHOLL 0. ADAMS 
Mcdicul Corps, Army oj Lite V idled Ululcs 

111 reconstructive work on war casualties, early surgical intervention is the treatment 
of choice in many cases of defective bone union. iMany surgeons believe that, even if union 
is nhniinum, it will eventually be sullicient to withstand the stress and strain put upon it. 
This is frequently not the case. In war injuries a large portion of the bone may be lost, and 
union across a small bridge on one side of the fracture will never be sufficient. Therefore, 
early intervention is frequentlj’’ to be preferred. 

THE.VTMENT OF INJURIES 

The tj-pes of non-union resulting from war injuries differ in several respects from those 
resulting from civilian injuries. 

1. The patient may not have had the most desirable early treatment, due to circum- 
stances. Thus the problem of infection must be dealt with in many cases. 

2. Since most war wounds are not closed primarily, subsequent rapid closure of the 
wound, to prevent fibrosis and resulting joint limitation, is attempted. 

3. In many instances the healed wounds must be repaired so that there is adequate 
soft tissue, before bone-grafting can be undertaken. 

4. The non-union must be overcome. Tendon and nerve injuries, which are common 
complications of war wounds, must be repaired as early as possible; but frequently such 
repair must be delayed until after the soft tissue has been revised or even after the bone 
has been grafted. 

Indications for Bone-Grafting 

Bone grafts are indicated in the following conditions: 

1. Where there is a loss of continuity, due to fractures that have not healed properly, 
and where there is resulting disability. If there is no disability, as in some cases of non- 
union of the clavicle, carpal navicular, and fibula, no treatment may be indicated, and bone- 
gi'afting should not be done. In rare instances in other bones, non-union causes few symp- 
toms or none at all, and surgical treatment should not be advised. 

2. Where there is minimum bony union, and the prognosis is for manj" months of dis- 
ability while waiting for functional strength to return to the bone. ^lany of the bones have 
repeated fractures during this convalescent period. 

3. In some fresh fractures where complications and delayed union are anticipated. 
The use of cortical tibial bone or a large piece of iliac bone, applied with screws, might 
hasten healing and serve as a form of internal fixation, instead of a plate. 

4. In some cases in which an osteotomy is done to correct angulation that is causing 
functional disability. The bone graft is applied to make rapid bony union more certain, 
and to serve as internal fixation during the early convalescence. 

D- To assist in arthrodesis in some cases. 

Relation of Infection to Bone-Grafting 

Formerly, six months was considered the minimum period wffiich should elapse be- 
tween the cessation of drainage and the institution of bone-grafting, but this was not 
considered adequate if there had been prolonged drainage. Three months is now considered 

an adequate waiting period after the cessation of drainage in many cases, for the following 
reasons: 

1. Infections are cleared up much faster now by the use of repeated surgical attacks 
un ounds for the removal of sequestra and foreign material. 
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2. Wounds are closed more rapidly by the use of secondary closures, skin grafts, and 
the like. 

3. The procedures mentioned and early bone-grafting arc made possible by the use of 
the sulfonamides and penicillin, particularly penicillin. 

Even though no sequestra have been visualized by roentgenogram, it is important to 
do a surgical exploration of the draining wound, especially if the drainage is not subsiding 
at a satisfactory rate. Not infrequently foreign bodies which are not radiopaque, such as 
bits of clothing, may be present in the wound and incite a persistent thick, purulent, foul, 
yellow discharge. This discharge should arouse suspicion concerning the presence of bits 
of clothing in the wound. 

The minimum time between subsidence of infection and surgery is two months for 
skin work and three months for bone. The periods should be increased if prolonged drain- 
age followed the initial injury. These periods are safe only if penicillin or the sulfonamides 
have been used before and after operation. 


Early Closure oj Wound 

After deep drainage has ceased, the wound will heal rapidly by proliferation of granu- 
lation tissue. However, some of the extensive wounds can be closed more rapidly by apply- 
ing a split-thickness skin graft to the granulating area. Saline dressings, changed every 
four hours, rid the wound of superficial infection in a few days and prepare the granulating 
bed for the skin graft. These grafts may not be completely successful in all cases; never- 
theless, there is enough “take” to more than justify the procedure. 

By getting the wound healed in this manner, one can speed up the date of bone- 
grafting, since this is calculated from the time the wound has healed. In addition, scar- 
tissue formation is diminished, which, in turn, means less joint limitation. 

Adequate Soft-Tissue Coverage 

Elimination of the more extensive soft-tissue defects is necessary before any bone 
reconstruction can be undertaken. Obviously, the smaller defects can be excised, and the 
skin edges can be undermined and approximated without undue tension. If the defect is 
slightly more extensive, a releasing incision, with shift of a ribbon flap to the opposite skin 
margin, will produce adequate closure. The defect produced by shifting the flaps is then 
covered with a split-skin graft. Normal skin, with its subcutaneous fat, now covers the 
area through which the surgical incision will eventually be made. Direct flaps from the 
abdomen provide excellent skin for the arm and hand. In the lower extremity, one can 
transfer a pedicle from one leg to the other. These pedicle grafts may be transferred either 
directly or by the delayed method. The method used is determined by the length of the 
pedicle and the appearance of the flap as it is elevated gradually. Direct flaps can also be 
transferred from one thigh to the opposite leg. Usually the pedicle of the graft is detached 
three weeks from the time the graft is done. 

If the defect is quite extensive, a tubed pedicle graft may be necessary. The authors 
have done all types of soft-tissue coverage not necessitating the making of a tube. In Army 
practice, tube grafts have been done at Plastic-Surgery Centers. The value of complete 
coverage of all the open areas at the time the pedicle graft is done needs special stress. 
Reference is made especially to the donor site of the pedicle graft and also to that part of 
the underside of the pedicle which does not come into contact with the recipient area. If 
the denuded areas are not covered with a split-skin graft, infection and fibrosis result. 
Frequent dressings are then necessary and the bone surgery must be delayed. When split- 
thickness grafts are used to cover the donor site of the pedicle, a completely closed and 
surgically clean wound is the result. 

In non-union due to an old compound fracture, many bacteria undoubtedly are im- 
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bedded in the overlying scar tissue. While imbedded in the scar, they are dormant. When 
the scar is incised surgicallj', infection may result from activation of the dormant bacteria. 
This accounts for some of the flare-ups of infection after operation. In many instances 
the scar should be excised a few -weeks before bone-grafting, so as to avoid this complica- 
tion. Even though the scar does not appear troublesome, excision prior to bone-gi’afting 
may avoid a flare-up of infection. 

At the tune of scar excision, one must anticipate the incision to be made during bone- 
grafting. Bj’ planning ahead, one can sometimes avoid placing the incision directly over 
superficial bone and putting the skin under undue tension. 

PHYSIOLOGY OF BOXE TRAXSPLAXTS 

There is rarely non-union in spongy bones such as the ilium, the bodies of the verte- 
brae, and the small bones of the hands and feet. The only exception is in certain bones of 
the body -ft-here part of the bone may become non-viable, due to interruption of its blood 
supply by trauma. Cancellous bone having thin trabeculae, extensive contact vuth tissue 
fluid, and an extensive blood supply is rapidly replaced when used as a transplant ; there- 
fore bony union is rapid. 

Cortical bone is very specialized. Its density delays the firm adherence of callus. 
The vascularity of the cortex is minimum; so the new bone callus at the fracture site must 
be produced and nourished by an ingrowth of new vessels, sometimes from a considerable 
distance. 

Phemister i®-!® has observed the changes which bone undergoes when transplanted. He 
states that, with the e.xception of a few cells on the surface, the greater mass of cells die. 
Subsequent changes in the graft then depend upon its location; If it is in a useful position, 
progressive changes take place; if in a useless location, retrogressive changes occur. Callus 
then forms at either end to help unite the transplant to the fragments. Creeping substitu- 
tion of the dead cortex gradually occurs by the ingrowth of capillaries, with dilation of the 
haversian canals, absorption of the old bone, and deposition of new bone in its place. The 
dead bone is absorbed by mononuclear and occasional polymorphonuclear osteoclasts. 
New bone is then deposited on parts of the walls of the dilated canals in successive layers. 
Once the graft has become fixed at both ends, the tissue between the fragment ends no 
longer remains static ; but it responds to functional stress and strain and ossification occurs. 
Likewise the graft will become hypertrophied, depending upon the force transmitted 
through it. 

After strength has increased so that it satisfies the demands of function, remodeling of 
the bone takes place. Eventually a new medullary cavity is formed, and the excess bone 
around the old site of non-union is absorbed, until the final contour is not unlike the 
original 


BOXE USED IX GRAFTIXG 

Local Bone 

Bone taken from the region of the fracture may be used as a s’' - ‘.mg type of inlay graft. 
It may also be cut into small chips and laid back into the slot fi um which it -was removed. 

Multiple drilling with a small drill is one form of local graft, for it produces many 
small particles of bone at the fracture site, in addition to opening up new channels for the 
invasion of this area by new blood vessels. 

Tibial Bone 

Several forms of graft can be obtained from the tibia. From the mid-shaft, dense, 
lea-vy cortical bone can be obtained. From the upper part, bone can be obtained which 
os a thin cortical layer and considerable underlying spongy bone. 

vot •>, ,, 
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Fibular Bone 

The fibula can be split and used for onlay grafts, or it can be left whole and used as a 
“dowel”. Removal of the upper or middle portion of the fibula causes the patient no 
disability. 

Bone from Ribs 

Rib material offers a readily available source of bone for grafting. In grafting long 
bones, it has no advantage over iliac bone. It has been used to advantage in doing spinal 
fusions on cases of scoliosis with marked deformity of the rib cage It has also been used 
in grafts of the mandible. The authors have had no experience with rib grafts. 

/Izac Bone 

In recent years the use of cancellous bone has been emphasized by numerous workers. 
Ghormley has stressed tlie value of cancellous bone remorTd from the region of the pos- 
terior superior spine of tlie ilium, in performing lumbosacral fusions. Abbott and his co- 
workers have stressed the wide use to which iliac bone may be put in bone-graft surgery. 
Mowlem. used cancellous bone chips to bridge large gaps in the long bones, where there 
was loss of bone substance and no bony contact wliatsoever between the fraginents. He 
stated that cancellous bone was being used almost to the exclusion of cortical bone. 

The advantages of cancellous Irone over cortical bone have been stressed repeatedly 
in the past. The chief advantage is that union and replacement are more rapid, due to the 
porous nature of the bone. Secondly, strips of iliac bone can be placed across the site of 
non-union with a minimum amount of dissection and stripping of periosteum. In addi- 
tion, there is no fear of injury to the donor site, as there is when the tibia is the donor. 
Usually bone from the anterior part of the wing of the ilium can bo used. In those cases 
where the patient is placed prone upon the operating table, however, the posterior portion 
of the ilium is utilized. 



Fig. 1-A I'm. 1-B 


Fig. 1-A: Before operation. 

Fig 1-B; After operation. Non-union of tibia treated by removing bone across fracture site, 
cutting giaft into small chips, and reinserting the chips in the slot. Replacement of bone is rapW, 
since theie is no Jaige transplant, hut rather multiple small chips. (.Loiierman General Hospital 
Photographic Laboratory ) 
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LOSS OF 50NE. 

NO CONTACT 

between Fragments 



UNION ACROSS 
SMALL BONY BRIDGE 


< 



FIBROUS UNION 
ACROSS A SAAALL 
BONY BRIDGE WITH 
LOSS OF ADJACENT BONE 


Fig. 2 

Types of non-union encountered. 


OPER.\TIVE TECHNTQL'E 

The type of graft used and the method of fixation vary with the natm-e of the non- 
union and with the bone involved. When reduction is difficult fo maintain, the authors 
employ the massive onlay graft described by Henderson. Sliding grafts and inlay grafts ® 
have been employed in isolated instances. Usually the onlay graft is preferable to the 
inlay type. In cases suitable for a sliding graft, the choice has sometimes been to remove 
the graft, cut it up into chips, and replace it along the groove from which it was removed 
(Figs. 1-A andl-B). 

Bone drilling was not employed by the authors. Those cases suitable for drilling are 



Fig. 3-A Fig. 3-B 

Fig. 3-A: Before operation. 

Fig 3-B: After operation. Defect corrected by insertion of multiple ibac strips. 
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Fia. 4-A Fio. 4-B Fig. 5 

Fig. 4-A : Before operation. 

Fig. 4-B; After operation. Humerus, with motion at site of non-union, treated by inserting 
multiple iliac strips. No inteinal fixation was used; position was maintained by plaster cast. 
Occasionally cast must be wedged to correct angulation. {LcLlerman General Hospital Photo- 
graphic Laboratory.) 

Fig. 5: Two-inch defect in ulna has been grafted with iliac bone. (.Letlerman General Hospital 
Photographic Laboratory.) 

% 

also suitable for iliac grafts or chip grafts, and the latter methods are more certain of bring- 
ing about bony union. 

Osteoperiosteal grafts are rarely used except in an occasional joint arthrodesis, as 
described by Delangeniere and Lewin. Iliac grafts have been more suitable. Intramedul- 
lary bone was used, as a rule, only in metacarpal grafts. 



Fig. 6-A Fig. 6-B 


Fig. 6-A : Before grafting. 

Fig. 6-B : After grafting. Method of fixation of iliac graft in non-union of ulna. Iliac graft was 
readily applied and held by turned-up cortex of recipient bone. Union was rapid. {Letterman 
General Hospital Photographic Laboratory.) 
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I ILIAC GRAFTS 
I m SLOTS 


Fla. 7 


Fig. 8 


Those cases in which union takes place across a small bridge of bone (Figs. 2, 3-A, 
md 3-B) and those in which there is contact between two bone fragments, even though it 
s minimum and the union is by fibrous tissue (Figs. 4-A and 4-B) , are ideal cases for the 
ise of cancellous bone from the ilium. If the non-union is such that the position of the 
Tagments could be maintained properly with a plaster cast after surgery, one should not 
lesitate to use cancellous bone. In some cases, wedging of the cast is necessary after oper- 
ition to obtain the necessary alignment. In some of the long bones, such as the radius and 
ihe ulna, large gaps can be bridged with strips from the ilium and maintained with screws 
y (Fig. 5) . It is believed that iliac bone could be used more extensively in non-union of the 
long bones, especially the radius or ulna, where there is loss of bone substance for some 
^ distance. By cutting a large graft from the ilium, one can apply it in onlay fashion and 
use screws for fixation and maintenance of reduction, just as with cortical bone. 

In those cases with a fairly large bone defect, in which reduction cannot be main- 
tained by the iliac grafts and cast alone, a large graft of tibial bone can be applied, in 
addition, in onlay fashion; and the position of the fragments can be maintained with screw 
fi-xation. The iliac graft then serves to fill the defect. Only very rarely has a metal plate 
been substituted to maintain reduction. 

Horwitz and Lambert have used a metal plate for fixation and then applied grafts 
around the site of the non-union. A cortical graft is more physiological and, if properly 
immobilized in plaster, is not liable to fracture. The authors have used a plate only, com- 
bined with a graft occasionally, in non-union of the upper part of the femur, w'here it was 
felt that the stress was more than a strip of tibial bone could withstand. 

A number of patients have been seen who were treated elsewhere bj’' plating and the 
introduction of iliac gi-afts. In many of these cases the plate had taken all of the stress and 
strain, and as a result the iliac grafts had become absorbed. This has been observed most 
requently in cases in which there has been loss of bone substance. With this obsem-ation 
in mind, the authors feel that, when internal fixation is needed, a tibial graft plus iliac 
strips is more physiological and much more likely to produce union than is the procedure 
n plating and insertion of iliac grafts. 

The use of dual plates and grafts around the plates, as described by Key, is seldom, if 
ciei, indicated. Patients have been seen in whom dual plates had been applied for fresh 
’ tibia. When these patients were later seen bj' the authors, the plates had 

o e removed. When iliac grafts are used, rigid fixation of the grafts is not a problem. 
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Plaster immobilization has always been sufficient (Figs. 6-A and 6-B). The use of plates 
and screws before the grafts are applied calls for considerable stripping of the soft tissue 
and periosteum, which, in turn, means a delay in healing. 

The size and shape of the iliac grafts and the means of fixation vary with the nature 
of the non-union and also with the bone involved. The method of removal of the iliac 
strips has been described by Abbott. In some instances the authors applied them in onlay 
fashion, chiseling away only a portion of the recipient cortex. In other instances the cortex 
is partially elevated at one end and attached at the other. The attached portion of the 
cortex is then used to hold the graft in position (Figs. 6-A, 6-B, and 7) . In other cases the 
grafts are wedged into slots produced by an osteotome (Fig. 8). This method prevents 
excessive stripping of the periosteum and is especially applicable where the bone of the 
recipient area is quite osteoporotic or naturally cancellous, since it is easy to produce a slot 
in these areas. In still other cases the strips are intramedullary in one fragment and applied 
in onlay fashion on the adjacent fragment. This procedure is used especially in cases in 
which the non-union is in the vicinity where the bone normally flares, such as at the end of 
some of the long bones. A combination of the methods described is used in most cases. 
Chips of cancellous bone arc usually placed about the site of non-union. 

Many surgeons believe that rigid fixation is essential for rapid bony union. Murray 
has been a strong advocate of rigid fixation of the graft. Phemister,^® on the other hand, 
has maintained that, if the graft can be held adequately by soft tissues, screw fixation is 
unnecessary, provided a plaster cast will immobilize the fragments well. In a number of 
instances of unstable fibrous non-union, iliac grafts have been applied across the site of 
non-union, as described, and immobilization has been maintained with only a plaster cast. 
Union was rapid in every case. If the soft tissues will hold the graft in position and if re- 
duction can be maintained by a cast alone, screw fixation of the graft is not essential. On 
the other hand, if reduction is difficult to maintain and if the soft tissues will not hold the 
graft in a satisfactory position, as is frequently the case in non-union of the radius and 
ulna, internal screw fixation should be used. 

As a rule the scar tissue has been curetted out from the site of non-union. In some 
instances there was danger of a flare-up of an old infection, so the scar was left intact or 
only partially removed; union progressed without delay in each instance. Phemister^® 
has shown that removal of the scar tissue is not necessary for the establishment of bony 



Fig. 9-A 



Fig. 9-B 


Fig. 9-A: Before operation. 

Fig. 9-B: Subtalar arthrodesis was performed after the method described by Gallie, but using 
iliac bone instead of tibial bone. Iliac graft is faintly visible. (Lelterman General Hospital 
Photographic Laboratory .) 
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inion. Once the graft has been united at both ends, the intervening tissue ossifies, as de- 
jcribed previously. ^lany authors advocate complete removal of the fibrous tissue from 
:he site of non-union 


Minimum soft-tissue dissection 
ibout the site of non-union is most 
mportant. Haldeman has shown ex- 
lerimentally tliat excision of the 
leriosteum from the ends of the bone 
•raginents delays callus formation 
ind ossification. Phemister has 
ibserved that e.vccssii’e periosteal 
stripping leads to a delay in ossifica- 
tion. The authors have done a mini- 
mum amount of soft-tissue dissection 
in these cases. When using iliac bone, 
one frequently is able to insert the 
grafts in slots or in onlay fashion by 
raising a portion of the cortex with 
its intact periosteum. Thus there is 
a minimum degi’ee of interference 
n’ith the periosteum. 



Fig. 10 


tJSE OF ILL\C BOXE IX .\RTHKODESIS 

Strips of cancellous bone from the ilium have been used veiy satisfactorily in arthrod- 
esis of the wrist, knee, and subtalar joints. In subtalar fusions, the method described by 
Gallie has been used. His original description advocated a posterior approach-, removal 
of a truncated wedge of bone from the subtalar joint; and insertion of two pieces of tibial 
bone, cortex to cortex, into the defect. Instead of using tibial bone, the authors employ 
cancellous bone from the region of the posterior superior spine of the ilium (Pig. 9-B) ; 
m seven cases fusion has been by this method. Roentgenogi-ams of the subtalar joint, taken 
soon after arthrodesis had been carried out in this manner, show vei-y little change from 
those taken before operation; therefore, one must be on guard when interpreting these 
films. Replacement of the iliac transplant is move rapid than is replacement of the tibial 
transplant employed by Gallie. 

Fusions of the wrist were done, using iliac bone, as described by Abbott, Saunders, 
and Bost. The technique is not difficult and excellent results have been obtained. 

In war injuries about the knee, not infrequently the patella and most of one femoral 
condyle may be shot away. Arthrodesis of such a joint presents a problem, because joint 
resection and removal of the remaining condyle to obtain maximum bony contact produce 
undue shortening. To arthrodese such a knee, we have resected the joint and bridged the 
gap where the condyle is absent, as well as whei’e the tibia and femur come into contact with 
1 lac bone (Fig. 10) . Three or four strips of iliac bone are driven into a slot across the joint 
anteriorly (Fig. 11-B) . When firmly wedged into a slot, these iliac strips provide immobili- 
zation and, more particularly, aid fusion. By immobilizing the joint with pins, the grafts 
can be inserted with relative ease. The insertion of iliac grafts is justified in knee arthrod- 
esis, even though both condyles and the patella are present. Knee fusions frequently are 
s ow, and anything that will speed up the process is time saved for the patient. The method 
employed in knee arthrodesis is shown in Figure 10. 


RESTTLTS 

The total number of bone grafts done for non-union and the donor bone used are indi- 
cated in Table L 
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TABLE I 


Bone Guafts fou Non-Union 


Bone 

Grafted 

Donor Site 

Local 
(Sliding or 
Chip Graft.s) 

Tibia 

Ilium 

Radius 
or Ulna 

Total 

Clavicle 


1 



1 

Humerus 


7 

2 


9 

Radius 


5 


1 

6 

Ulna 

4 

8 

3 


15 

Radius and ulna at same time 

i 

3 



3 

Navicular 



2 

2 ^ 

4 

Metacarpal 


12 


13 

25 

Phalanges 


3 


4 

7 

Femur 






Neck 

3 




3 

Upper portion 

2 

C 

7 


15 

Mid-portion 


■1 

5 


9 

LoAver portion 


4** 

7 


11 

Tibia 






Upper portion 


2t 

7 


9 

Mid-portion 

2t 

7 

6 


15 

Lower portion 

3 

6 

6 


15 

Medial malleolus 


16 



16 

Metatarsal 

1 

1 



1 

Totals 

14 

85 

45 

20 

164 


* Cancellous portion used. 

** Tibial and iliac bone used in one of these cases, 
t Chip grafts (Cowan’s method) . 


As a rule, the iliac grafts were clone late in the series. Experience has revealed the 
wide range in which iliac grafts can be used, and thus the authors are now using them more- 
extensively than previously. At present, many metacarpal grafts are being done with iliac 
bone, whereas previously the ulna or tibia was used as the donor site. 

Tibial bone was used rather frequently in arthrodesis, particularly in fusions of the 
ankle, tibiocalcaneal fusions, and those of the tibia, talus, and calcaneus, because of its 
ease of accessibility and the support it produces (Table II) . The use of iliac grafts in 
arthrodesis has already been discussed. 

Of the 228 cases operated upon (by graft or arthrodesis) , there was a flare-up of latent 
infection in twenty-two instances (Tabic III) . However, union was obtained in seventeen 
of these cases in spite of the infection. I ost of the flare-ups were either mild or moderate. 
In these seventeen cases the drainage eUhev subsided spontaneously or, in a few cases, a 
few small sequestra were removed from (he wound, after which drainage eventually ceased. 

The histories revealed that not inficquently the flare-ups following surgery were in 
individuals who had had no drainage for ^-ix months prior to surgery. In most cases three 
months after subsidence of drainage is a .‘^afe time to proceed with bone-grafting. How- 
ever, a longer delay will do no harm. Since none of the donor sites became infected, and 
since all of the postoperative infections occurred in association with old compound frac- 
tures, the infections were considered to be the result of flaring up of a dormant process in 
the Avound, rather than the introLiuction of new bacteria at the time of operation. 

Failures of arthrodesis or bone-grafting o- mrred in thirteen cases (Table IV). A feAV 
of the cases listed were presumptive failures and may be successful eventually. These 
patients were transferred to other hospitals, so that Ave were unable to folloAV them suf- 
ficiently long to determine the ultimate outcome; therefore they are listed with the failures 
at this time. There were fiA'^e failures due to infection; one of these patients Avas not oper- 
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TABLE II 


AllTllItOUESlS 


Arthrodesis 

j Donor Site 

Total 

Local 
or None 

Tibia 

Ilium 

Radius 

Spine 

2 


2 


4 

Shoulder 


2 



2 

Wrist 


1 

3 


4 

Metacarpophalangeal and 






interphalangeal 

■1 



3 

7 

Ivnee 



2 


2 

Ankle 


5 

1 


6 

.\nkle and subtalar 

1 

4 



4 

Triple arthrodesis 

9 


1 


9 

Subtalar 



7 * 


7 

Tarsal 

1 

3 



4 

Interphalangeal 

11 

1 



12 

Tibiocalcaneal fusion 






(folloiving astragalectomy) 


3 



3 

Totals 

27 

19 

15 

3 

64 


* After method described by Gallie, but using iliac bone. 


TABLE III 


Infection in Cases of Graft and Arthrodesis 


Degree of 

Infection 

Donor Site 

Results 

Ilium 

Tibia 

Other 

Locations 

Failure 

Solid 

Bony Union 

Mild 


4 

2 

0 

11 

Moderate 

3 

2 

1 

1 

5 

Severe 

1 

3 

1 

4 

1 

Totals ^ 

9 

9 

4 

0 

17 


ated upon by the authors at the time of the flare-up. One of these five cases was an arthrod- 
esis, and the other four were cases of bone-grafting. 

One of the cases of infection occurred in an attempted arthrodesis of the distal joint 
of the large toe. Progress was slow following infection, so that the distal end of the toe 
was amputated; the patient suffered no disability. In another case listed as a failure, iliac 
strips were laid in a granulating wound and the skin margins were brought together over 
the graft. Although it is sometimes advocated, we feel that this procedure should be dis- 
couraged. Infection, even though mild, is almost certain to result and to persist for some 
time. 


I 


Another failure was in an attempt at arthrodesis of the interphalangeal joint of the 
arge toe. Originally, the cartilage was removed and the position was maintained by plac- 
ing a Kirschner wire through the two phalanges. At the second operation a tibial peg was 
riven across the joint. In a similar case in our series, fusion was very slow when only the 
cartilage had been removed. Since the graft adds very little to the difiiculty of the oper- 
a ion, the authors feel now that this should be done originally in all cases of this kind. 

A second graft of the phalanx was done in two cases. In one the graft was solid, but 
le operation was repeated to correct a faulty position. In the other case a tendolysis was 
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TABLE IV 

FMi.uiths OF Bonf-Giuftixg vnd Aiithrodl&is 



Bone 

Donor Site 



tient 

or Joint 
Invoh ed 

First 

Giaft 

Second 

Graft 

Infection 

Remarks 

X. 

Ulna 

Local 

chips 

Tibi.i 

None 

Extcllent icsiilt folloning second giaft. 

T. 

Ulna 

Tibia 

Tibia 

None 

Oiiginal giaft fiactuicd and pseudarthiosis developed. 

'.B. 

Phalanx 

Ulna 

Tibia 

None 

Regiaftcd, bccaU'C of faulty position. Original giaft 
-•'olid, however. 

.R. 

Phalanx 

Ulna 

Radius 

None 

Tendolysis done two months after first opeiation; 
bone not solid, so additional small giaft done. With 
moie time this would probably ha\e united without 
.idditional surgery. 

H. 

Femur 

Tibia 

Not 

done 

Present 

Some mild angulation Not able to follow patient long 
enough to determine if solid. When last seen, union 
w.is piogressing. 

AI. 

Femur 

Tibia 

Ilium 

None 

Oiiginal giaft fractuied. .At second operation the old 
tibial giaft was leplaced and iliac strips were used in 
addition. Union piogiessing when patient was last 
seen. 

-P. 

Tibia 

Tibia 

Tibia 

Present 

I'li-t graft done elsew-here; failure due to infection 
.After second graft, some wound separation. 

iX. 

Tibia 

Ilium 

Not 

done 

Present 

Iliac 'tups laid in granulating wound and skin brought 
o\ei giafts Wound separated. 

[.G. 

Ankle 

Tibia 

and 

fibula 

Not 

done 

None 

Sati'factoiy clinical lesult, but no bony union. 

IK. 

Ankle 

Fibula 

Not 

done 

None 

Satisfactoiy clinical lesult, but no bony union. 

M. 

First 

metatarsal 

Tibia 

Not 

done 

Present 

Diainage following surgery', so graft lemoved. 

LW. 

Inter- 
phalangeal 
joint of 
large toe 

None 

Not 

done 

Present 

Tip of toe amputated eventually ; no disabihty of foot 

-li. 

Inter- 
phalangeal 
joint of 
large toe 

N’one 

Tibia 

None 

Originally, cartilage removed and immobilization ob- 
tained by lOrschner mre .At second operation, tibial 
peg drii en across joint. 


rformed, two months after the graft. Alotion was noted at the time of this operation, so 
It an additional small graft was inserted. Alore time wmuld probably have brought about 
ion. 


SUMMARY 


Elimination of infection by early and frequent surgical intervention is most important 
the treatment of infected compound fractures. Early coverage of the wound aids ma- 
■lally in two ways: First, as soon as the wound has been covered with skin and scar tissue, 
oliferation ceases; thus there is less soft-tissue damage and less joint stiffness. Second, 
ne-grafting can be done at an earlier date, due to the fact that infection has been 
ininated early. 

The soft-tissue coverage must be adequate before grafting is done. Unless split-skin 
afts have considerable subcutaneous fat and muscle between them and the bone, they will 
t "’ithstand the strain when exposure is made through them. Therefore, pedicle grafts 
ast be used in many instances to replace poor skin. 

AVith the use of penicillin, bone-grafting can be done three months after the cessation 

rainage, if all other factors are favorable. 

The type of bone gi-aft varies with the circumstances. Whenever possible, iliac grafts 
ou be used, since they are usually applied easily and replaced rapidly. Foreign mate- 
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rial for internal fixation is necessary only when the fragments and the graft will not remain 
in position without internal fixation. 

Iliac grafts aid materially in arthrodesis, particularly of the wrist, knee, and subtalar 
joints, and the small joints of the hand. The authors have had no e.xperience in employing 
iliac bone in the stabilization of other joints. 
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FACTORS INFLUENCING CALLUS FORMATION IN OPEN 
FIXATION OF FRACTURES " 


BY JEAN VEUBUUGGE, M.D., ANTWERP, BELGIUM 


The object of this paper is to consider the factors which, due to the surgeon’s oper- 
itive interference, may influence the speed of formation of callus and its quality and 
luantity. Only the factors related to surgeiy are considered, and not the nature of trauma, 
;he location of the fracture, the state of health of the patient, or his age. A presentation of 
the still widely discussed theories on the histology and biology of bone formation is not 
included. Due to circumstances, proper illustrations and statistical data are, unfortunately, 
lacking. 

THE SIGNIFICANCE OF THE TIME OF OPEN FIX.^TION 

The surgeon may operate upon fractures at different intervals after their occurrence. 
The time of operation may have marked influence on the callus, and will be considered in 
two groups of cases: cases of fresh fracture and those of old fracture. 


Fresh Fractures 

In the group of fresh fractures are included all fractures in which the process of callus 
formation has not been definitely concluded. 

The histological and biological processes which take place at the site of the fracture, 
before healing can occur, are well known: the resorption of dead tissues; the organization 
of the soft parts, including the hematoma, into a network of fibrin and young connective 
tissues; the mobilization of mineral salts from the fragments; and especially the building 
of a new network of blood vessels, which will guarantee the transportation of the needed 
chemical supplies. This important transformation, without wdiich the solid union of bone 
cannot take place, occurs in an acid medium and requires from eight to fifteen days. Only 
after its completion does the pH become alkaline and allow the precipitation or the fixation 
of mineral salts. 

From these well-established facts, one can arrive at three important deductions, w^hich 
are amply confirmed by observations : 

1. If the surgeon decides upon open fi-xation, and if the time can be chosen, the most 
favorable moment will be as soon as possible (emergency operation) after the fracture has 
taken place. In this w'ay the dead tissues will be removed surgically; the periosteum and 
the soft parts will be replaced immediately in their anatomical positions, close to the site 
of the fracture ; and an optimum supply of blood wdll be assured. There will be a minimum 
chance of infiltration of the muscles, wLich will give them a quicker restoration of func- 
tion; this, in turn, means better circulation around the fracture. The delicate building up 
of the pre-osseous connective tissue wdll take place under the best anatomical and physio- 
iogical conditions; and, finally, if the operation has been technically perfect, there will be 
no need of external immobilization. If external immobilization can be abandoned, an 
optimum restoration of circulation will result from function of the muscles and joints. 

nder these circumstances, the callus will be of minimum size (wdth very little bridging 
inside or outside the cortex) ; it will develop at maximum speed, for the blood supply wdll 
0 good; and it will be in an optimum location (in the line of fracture) . 

2- Open fixation which is performed between this emergency period and approxi- 
mately the fifteenth day after fracture necessitates operating through infiltrated muscles, 
le destruction of the delicate formation of young connective tissue and of the .new vascu- 
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larization, and the stirring up of local mineral metabolism. Nature’s work is destroyed in 
its making and it must be started again, with a new response to a now trauma. Open fixa- 
tion performed at this time — thus delayed — usually gives rise to more extensive callus and^ 
slows down the process of repair. 

3. Operating after the period of restoration (eight to fifteen days after fracture) 
means operating in an alkaline medium and destroying connective tissue which is already 
differentiated. It interferes with the mineral metabolism at a time when minerals are 
already being deposited in the new bony structure. It implies the destruction of the new 
vascular network. It is more or less like operating in scar tissue. It retards still more the 
formation of callus, and may even impair seriously the formation of new bone. It takes 
eight or ten months for the line of fracture to disappear in a retarded or late open fixation, 
whereas it takes only four or five months when fixation is done as an emergency measure. 

Old Fractures ; 

Included in this group of cases are the ununited fractures with more or less deminer- 
alization, and the malunited fractures. In both types of cases, the outstanding feature 
might be called “inertia” of the bone.^" This lack of response to surgical interference 
varies greatly from case to case and depends mostly upon the blood supply. It also com- 
pels the surgeon to use artificial means of providing new supplies of mineral, such as bone 
grafts; and technical procedures, which will be described later. 

A few observations which may be significant in the development of eallus in old frac- 
tures are as follows: (1) The formation of callus is influenced by the addition of fresh 
bone and also by the stirring up of bone at the site of the fracture. (2) The development 
of callus is often extremely slow, sometimes almost non-existent; means of stimulating 
bone formation are still being investigated. (3) In delayed union or in non-union of a 
diaphysis, one fragment is always more demineralized than the other. (This is of technical 
importance.) The fragment in which demineralization is greater usually gives rise after 
operation to more bone than the other fragment. (4) In fractures of the two bones of one 
limb, one of the bones is usually more demineralized than the other. (5) Spontaneous de- . 
mineralization of the corresponding bone of the other side has been observed. 

THE IMPORTANCE OF REDUCTION 

If open fixation of a fracture has been performed at the optimum time, the reduction 
of the fragments will have a bearing on the rapidity of callus formation, the shape and 
the amount of callus.^ 

Rapidity of Callus Formation 

The rate of callus formation is influenced greatly by the coaptation of the fragments. 
The more nearly the fragments are in contact, the quicker the line of fracture disappears. 
This has been observed in many cases. 

In plating the two bones of the forearm, there is always a slight difference in coapta- 
tion between the two bones, in spite of the best technical ability; this is emphasized in old^ 
fractures if the plating is done after resection of the four ends of the fragments. The bone 
in which the reduction is better will almost always heal first. 

Three patients with similar non-union of the radius were operated upon by the authoi 
on the same morning. The rate of disappearance of the line of fracture in these cases 
coincided exactly with the degree of coaptation. Another patient was operated upon foi 
non-union of both tibiae. Both legs were in a similar condition; both were operated upon by 
the same procedure, external fixation. The postoperative course was uneventful on boti 
sides. One side showed a perfect coaptation of the fragments; the other side showed a 
separation of about two millimeters. The first side healed clinically and, according to the 
roentgenographic examination, exactly trvice as fast as the other side.^- 
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The Shape of the Callus 

The shape of the callus also varies with the perfection of the reduction. This was 
loted especially in the cases just mentioned. If the two cylinders of compact bone are in 
perfect contact, bone usually forms between them and veiy little forms on the outside or 
tlie inside. If there is a space between the two cylinders, new bone will form first around 
the line of fracture (bridging) and only later between the layers of cortical bone. Theo- 
retically, and often practically, the amount of bridging depends upon the amount of sepa- 
ration of the fragments and is proportional to it. 

Amount of Callus 

The amount of callus is also influenced by the degree of reduction. The poorer the 
reduction, the larger the callus. 


THE I.VFLUEN'CE OF FI.X.VTION' 


If a fracture has been operated upon at the optimum time and the reduction has been 
perfect, the rapidity of callus formation, its finality, and its ciuantity will depend upon the 
degree of fixation of the bone fragments. The perfection of fixation is much more impor- 
tant than the time of operation and the pei-fection of the reduction. Fi.xation depends 
almost enthely upon the surgeon, the method he uses, the type of material he uses, and his 
technique. 

A few methods will be enumerated which do not give adequate fixation, and then one 
will be mentioned which does give fixation; 

Insufficient Fixation Due to the Method 

External fixation, which was first used by ^Malgaigne during the last centur>', was later 
perfected and was officially presented by Lambotte in 1902. Since then, it has been the 
subject of much experimentation and discussion. The method consists in fixing a fracture 
of a diaphysis by pins or screws, held together outside the body by a bar. For mechanical 
reasons, the two pro.ximal screws must be inserted as near as possible to the line of frac- 
ture and the two distal screws as far as possible from it. In spite of this mechanical device, 
a certain degi-ee of mobility remains, even when the reduction is perfect. Surgeons who 
use this method know that bony union is delayed because of the lack of complete immobili- 
zation. For this reason, and because of the danger of infection, many surgeons have aban- 
doned the method. External fixation, however, still remains the best method of treatment 
of bad compound and comminuted fractures with extensive laceration of the soft 
tissues.r3.i3 




When both bones of the forearm have been fractured, a plate should be applied to each. 
Surgeons still apply a plate to one hone, however, and are satisfied to leave the other bone 
alone if the fracture has been well reduced. They are aware that the procedure is insuf- 
ficient, and therefore they always add a plaster-of-Paris cast. In spite of the cast, the bone 
which is not held by a plate will always show delayed union, and sometimes even non- 
union. This is definite proof of the important effect of fixation on callus formation. 

In spite of good reduction and strong plating, the results of open reduction of frac- 
tures of the tibia have not been satisfactory, because of a slight mobility due to sheering. 
The author therefore decided upon the intramedullary placement of a small bone peg at 
t le line of fracture, and later advocated plating of the fibula.® 

In an open fixation, a surgeon’s technique must be such that complete immobilization 
of the fragments will be achieved. In that respect, cross fixation through the line of frac- 
ture, added to plating (a method which we probably owe to Clay Ray ^Murray) , has been 
u valuable contribution to fracture surgery. By the quick formation of callus, the rapidity 
0 disappearance of the line of fracture, and the optimum amount of bone formation, this 
method has proved that fixation is the most important of the factors which may influence 
cu us formation in open fixation of fractures. 
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Insufficient Fixation Due to the Type oj Material 

A surgeon may perform an ojjen fixation of the femur with plating. In spite of a per- 
fect technique and an uneventful postoperative course, witliout fever or pain for days or 
weeks, the following symptoms may sucklenly develop: slight rise in temperature, slight 
deformity of the thigh, a moderate swelling, and a moderate amount of pain. Under these 
circumstances, the surgeon may be sure that the plate is cither bent or broken. 

If the plate bends, mechanical insufficiency is usually the cause. The amount of metal 
inserted at open fixation does nut matter. For the femur, a plate should be used which is 
at least two millimeters thick and not perforated at its middle portion, \vhich would be in 
the line of fracture.*^ The adtlition of cross fixation will help greatly to prevent bending. 
If one attempts to correct the bend under anaesthesia and to immobilize the thigh in a 
plaster-of -Paris cast, the callus will usually develop quickly and become rather large. A 
sort of “reactivation” takes place at the site of fracture. 

If the plate breaks, the complication is more serious. Breaking of the plate is always 
due to a defect in the metal. It may have been tempered for the sake of solidity, which is 
a mistake. It may contain impurities or it may have been rendered brittle by manipulation, 
most often by hammering or by constant vibrations. 

The author’s experience included a scries of broken plates in consecutive cases. The 
metal used was Krupp’s stainless steel V-2A, which had previously given satisfaction. An 
abnormal reaction of bone against certain parts of the plates, mostly at the tips of the 
screws, was noticed. All the plates came from the same stock. An examination of the steel 
was made. The crystals 'were regular and homogeneous, which proved that there had been 
no fault in the manufacture; but many microscopic specks were present between the crys- 
tals, and these specks were suspected to be impurities of carbon or high-carbon steel, 
which probably provoked electrolysis. 


Insufficient Fixation Due to Technical Factors 

A few of the most important examples are as follows: 

Loosening oj Screu's: One or more screws on one fragment may become loose, and-' 
slight or even serious complications may result. The callus formation is slowed down be- 
cause of the lack of immobilization. Formation of extra bone may occur around the loose 
screws and also around the loose end of the plate. There are several possible causes of this 
troublesome complication: 

1. The drill may have been a trifle too large, and the screw may have moved in its 
canal. A space would then exist between the surface of the screw and the surface of the 
canal. 

2. The drill may have been a little too small, and the screw may have been inserted 
under pressure, especially if a mechanical screw drwer \vas used. This abnormal pressure 
would cause resorption of bone. 

3. The size of the drill may haAm been perfect, but the bone may have been hard. 
This is often true of old fractures. Here, also, the screws may have been inserted under 
pressure. In certain instances, the self-tapping screw is insufficient, because the tap end is 
too soft. A tap should be made of hard steel, preferably of tempered steel. Perfect tap- 
ping will allow the screw to reach the opposite cortex in line Avith the exact point of pene- 
tration and in the right direction. In a large bone, the self-tapping screAv might make its 
own thread through the first cortex in a slightly oblique direction; it then would reach the 
second cortex at the wrong point and in the Avrong direction. 

4. During its insertion, the thread of the screw may have rubbed the edge of the hole 
in the plate and sustained microscopic damage. The damage might be enough to destroy 
the homogeneity of the metal and to proAmke electrolysis along the edge of the screAV. I 
there is any bone reaction to the stainless steel, it is almost always found at the tip of the 
screw or on the edge of the groove. In the latter site, the sharp end of the screw drivei 
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often skids and damages the metal. In such cases a local destruction of the head of the 
screw is found, covered by a cap of new bone. Cultures made from this region remain 
negative. This observation shows also whj' the metal should be polished, should be without 
a scratch, and should be handled with smooth instruments and without force. 

Insutficient Fixation oj Plate: A plate should never be fi.\ed to a bone with only two 
or three screws. ^Motion in the region of the fracture would result and there would be 
danger of delayed union or of non-union. This result of insufficient fixation of the plate 
has been observed many times. If only four screws are used, two of them should be inserted 
as nearly as possible to the line of fracture, especially if cross fixation cannot be employed; 
the other two should be at the very end of the plate. 

Deficient Contact Between Plate and Bone: The contact between the plate and the 
bone surface may be deficient; in this event, there will be an empty space between the 
plate and the bone. This space is filled at first with fluid and blood, and later with new 
bone; it will delay the formation of callus in the line of fracture. When necessarj", the 
transverse and longitudinal curves of the plate should be computed mathematicallj^ so 
that the plate can be adapted perfectly to the bone. Furthermore — and this is especially 
important in cases of fracture with several fragments — during the insertion of the screws, 
the entire length of the plate must be maintained firmly against the bone. This can be 
accomplished only by the use of several bone clamps, — sometimes three or four. The author 
has devised a handy, simple, light clamp which can be used with one hand.^® The clamps 
must be handled without force, so that, when thej" are removed, there will be no abnormal 
pressure on the screws. If the fracture is composed of several fragments, only the use of 
several bone clamps will permit a perfect reduction and thus fulfill the conditions for an 
optimum callus. 

Short Plate: To answer the mechanical requirements, the length of the plate for the 
tibia should be at least equal to three times its width and, for other bones, four or five 
times their width. Otherwise, the pull of the muscle will exert abnormal strain on the 
screws of at least one fragment. This is true in cases of fresh fractures. On the other hand, 

' if the bone is demineralized, the plate should be as long as necessar}', and in certain cases 
should equal the whole length of the diaphj'sis. The quantity of metal matters little. The 
number of screws inserted should vary according to the degree of demineralization of the 
fragments and the length of the fragments, if the fracture is near the epiphysis. 

Comment: The Kiintscher method, which has recently been widely used in Europe, 
consists in inserting a vdde pin through one end of the bone, along the whole length of the 
diaphysis.* Garcia Portela, in his review of 470 cases, proved that, contrary to the ex-peri- 
inents on animals, the callus forms quickly, is only moderate in amount, and includes a 
periosteal and an endosteal reaction. 

If an orthopaedic surgeon is confident of his technique, he should refrain from applj'- 
ing a plaster-of-Paris cast after open fixation, since this is detrimental to the function of 
muscles and joints. This function is an important factor in keeping a constant active local 
circulation of blood, which is one of the determining elements in securing a prompt and 
optimum callus. 


THE USE OF BOXE-GRAFTIXG IX OPEX FIXATIOX 

In general, bone-grafting in open operations is onlj' of help in securing callus in old 
les which there is little or no response, — ^in other words, in which there is more or 

0^ fke bone. In certain cases, bone-grafting may be compared with skin- 
^^a ing because it “fills the gaps” and assures bony contact in cases of bone defect ; but 
main value lies in its source of minerals and its improvement of vascularization. It may 
'in^ fixation, but only exceptionally should it be used as a means of fixation. 

no er words, in open fixation with bone-grafting, even with massive grafts, metal fixa- 
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tion should be used as well, so that, except in unusual cases, one should not have to rely 
on plaster fixation, which is harmful for the production of callus. 

Cortical Bone Grafts 

Cortical bone grafts may be used as intramedullary grafts, extramedullary grafts, or 
grafts between fragments. 

Intramedullary Grafts: Many surgeons believe that the insertion of massive grafts 
of cortical bone in the medullary cavity is harmful, because they destroy bone marrow 
and interfere with the blood supply. After extensive use of this type of graft, however, the 
author believes that it hastens the formation of callus and even provokes the formation of 
large, sometimes enormous, callus. The enormous callus which forms is one of the reasons 
why this type of graft should be discarded as a method of treatment of fresh fractures. 
The author employs intramedullary grafting of massive cortical bone as a routine pro- 
cedure in two circumstances ; 

1. It is used in cases of non-union of long duration, accompanied by extensive de- 
mineralization. The graft, which is usually taken from the crest of the tibia, should vary 
in length according to the degree of demineralization. This type of graft offers three ad- 
vantages in these cases: First, it increases the solidity of the plate fixation; the screws 
inserted through the two demineralized cortices find a strong support in the solid graft 
(a tap must be used) . Second, it prevents too much shortening by keeping the ends of the 
bone slightly separated and also it prevents the formation of fibrous tissue between the 
fragments. (Chips of cancellous bone should be added in this area.) A third advantage is 
that it supplies the demineralized bone with a large source of mineral salts. The callus 
obtained when an intramedullary graft is used in cases of non-union is usually slow in 
forming, but it is solid and never excessive in amount if there is no motion in the screws 
and plate. The plate should be as long as the diaphysis, and the screws should be inserted 
obliquely to one another. A new type of plate was therefore devised by the author.^® 

2. The intramedullary graft is also used in cases of malunited fractures with dense 
bone tissue, or in cases of shortening of a bone after resection of a fragment. In these cases, 
the callus is sometimes slow to form, and the newly cut ends of bone do not fit perfectly. 
These two reasons, together with the ones just mentioned, justify the insertion in the 
medulla, at the line of fracture, of a short bone peg. Without doubt, this procedure acti- 
vates the formation of callus. A longer bone graft would provoke too much reaction. 

Extramedullary Grafts : The graft may be an inlay or an onlay graft. Both methods 
of grafting usually thicken the bone considerably, and may give rise to massive bone callus. 
Nevertheless, the extramedullary graft has to be used in certain cases, especially wdaen the 
medullary cavity is small, as in the bones of the forearm or the clavicle. The freshening 
of extensive portions of the bone surface is one of the causes of the extensive bone reaction. 
This may sometimes impair function, as in old fractures of the forearm. A great risk is 
involved in using such a graft or in relying upon it for fixation, even with the use of a 
plaster cast. Proper plating must be added to it and, if the technique is good and the plate 
is long enough, the use of a plaster cast can be avoided. ^ 

Grafts Betu'een the Fragments: If the formation of a large callus is to be avoided, as, 
for instance, in cases of defects of thin long bones like those of the forearm or the clavicle, ' 
a massive cortical bone graft of the same size as the bone can be inserted between the 
freshened bone fragments. Two essential requirements are imposed, how’^ever: The ends of 
the bone and those of the graft must be in absolute coaptation, and the plate must extend 
as far as possible. 

Cancellous Bone 

Cancellous bone is the most efficient bone for producing callus. There are two raa% 
indications for its use: (1) It may be used in cases of old fracture. Because of the inerfia 
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)f the bone in these cases, it is good always to place around the ends of bone a ring of 
:hips of cancellous bone, taken from the same bone, from the tibia, or, better still, from the 
;rest of the ilium. The callus formed will not necessarily be voluminous. (2) Use of can- 
cellous bone is also indicated in certain cases of fresh fracture. A defect in bones due to 
die absence of a fragment, especially at the site of fracture, will always cause callus to 
;orm slowly and may be a serious risk of non-union. It is of primary importance that such 
1 defect always be filled with chips. 

Powdered Bone 

Powdered bone can be produced by scratching, cutting, curetting, or drilling holes. 
It always promotes easy, fast, and abundant formation of bone. Its use should be avoided 
in fresh fractures, which should always be handled with smooth instruments. It will help 
greatl}'^ in cases of old fracture. In those cases, it is advisable to use a sharp, slightly 
curved periosteal elevator to separate the periosteum from the cortex, to scrape the cut 
surface of the bone with a sharp curette, to drill small holes at the ends of the fragments, 
and even to roughen the inside of the medullarj'- cavity with a large drill.® 

The author has had no e.xperience with the influence of heterogeneous bone grafts and 
cadaver transplants on callus formation, and his experience with beef bone is too limited 
to be mentioned. 


THE ROLE OF INFECTION 

Infection per se is the dreaded enemy of the orthopaedic surgeon ; yet its influence on 
the formation of callus cannot be overlooked. It is known that e.xtensive acute infection 
will bring about necrosis and destruction of bone, and, conversely, that a mild staphylo- 
coccic infection is apt to produce extensive formation of bone, which in certain cases may 
reach gigantic proportions. The latter effect is probably due to a marked local activation 
of the circulation of blood. 

In an effort to determine whether staphylococcic infection could be used to stimulate 
^formation of bone, especially in those well-known cases in which the bone “will not react”, 
a series of experiments on animals was started in 1926. These experiments proved defi- 
nitely that the injection of cultures of attenuated staphylococci into the area of fracture 
greatly stimulates the formation of the bone. 

THE NATURE OF THE METAL 

If the callus is to be of an optimum type- — that is, if it is to form quickly, become 
located exclusively between the ends of the bone, and not surround the material of fixa- 
tion — attention should be paid to the nature of the metal. All surgeons agree that the use of 
an inert metal, such as stainless steel, is preferable; but too much emphasis should not be 
placed on this fact. In order to prevent unnecessary and abnormal reaction of bone, the 
most essential feature of the metal is that it be homogeneous. In other words, it should 
be, throughout all its mass, composed of similar crystals, without impurities, and deposited 
in regular layers. This is a question of manufacture. The metal should be polished per- 
Xlectly, never hammered or filed, and should be handled with care, especially during the 
insertion of screws. 

Several years ago the author used ordinary non-stainless steel, and has seen hundreds 
of cases in which Lambotte used it without any abnormal bone reaction whatsoever. 

The effects of electrolysis on bone reaction remain mysterious. By mistake, the author 
used an aluminum plate and steel screws in an open fixation of the humerus. Healing took 
place in the normal way.®’^’^'* 

Aluch more interesting is the effect of resorbable materials on bone.^i In a previous 
, study of the use of magnesium alloy on animals and in men as well (thirty-five cases), a 
series of factors were noted; The metal entered into solution as soon as it was inserted 
I 'OL. 2S, KO. 3, JULY 1940 
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into the tissues. It always provoked a minimum reaction in bone. This reaction was char- 
acterized by bone formation, the amount of which was identical with the amount of 
resorption of the metal. The reaction of bone was constant. If the metal crossed a joiri^ 
it left the joint surfaces undisturbed after its resorption. Unfortunately, the metal gave ’i 
rise to the formation of considerable quantities of gas, which had to be evacuated at 
intervals. 

A similar alloy containing more aluminum, which would prevent its being resorbed 
so quickly, might provide a useful means of provoking bone reaction whenever and 
wherever it is wanted. 

OTHER FACTORS INFLUENCING CALLUS FORMATION 

The other factors which I wish to mention all concern the speeding up of bone forma- 
tion ; they are only worthy of consideration if the two basic factors, reduction and fixation, 
have been carried out perfectly. Most of them deal with the increase of the blood supply^ 

Early Function 

Early function is a basic factor which is only practical if no plaster has been applied. 
It can be carried out soon (fifteen days after reduction) in the upper extremities. It is the 
same for the lower extremities, but here the real function consists in weight-bearing, and 
the time such function should start varies according to the roentgenographic findings. 

Sympathectomy or Ganglionectomy 

Sympathectomy or ganglionectomy is useful only if block anaesthesia with procaine 
hydrochloride indicates definite improvement. Its value is temporary and not constant. 

Massage 

Massage may be harmful and may provoke marked reaction of the bone, as well as 
of the soft tissues. If it is applied gently, it may help in relieving muscle spasm. 

Tapping 

Tapping the site of the fracture or the extremities of the fractured limb will stimulate 
circulation of blood and hasten the formation of callus. Its effect is negligible, however. 

Short-Wave Rays 

These may stimulate the circulation if used in small amounts, but the danger of pro- 
voking resorption of bone outweighs their value. 

Calcium 

The oral administration of calcium, alone or in the diet, is inefficient. Calcium, in- 
jected intravenously or into the fracture area, does not seem to be popular among ortho- 
paedic surgeons. Neither does the injection of the serum of patients with fractures. 

Other Drugs 

Parathormone and vitamin D have been advocated. The author has had no e.xperience 

with them. j 

Bogomolets, in 1943, suggested the use of an “antireticular cytotoxic serum”, produced 
by inoculating horses with cells of the spleen and bone marrow taken from fresh human 
cadavera. He claimed that in small doses the serum has a valuable effect on the speed of 
bone formation. The author has had no experience with it. 


CONCLUSIONS 

In the treatment of fractures, surgeons are striving for the optimum type of callus, 
exactly as they aim at obtaining a perfect skin scar. 

The characteristics of an optimum callus are: (1) rapid formation; (2) its quali^ 
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(solid homogeneous bone) ; and (3) its quantity, which should be neither large enough to 
interfere with function (a large callus corresponds to a keloid) nor too small. 

Surgeons have at their disposal most of the means of reaching their aim. The most 
important ones depend upon themselves, their principles, their methods, and their tech- 
nique, — the ‘‘timing”, the perfection of reduction and immobilization, the discriminating 
use of bone grafts, and so forth. In spite of attention to all these factors in particular cases 
of old fractures, surgeons will be confronted with a lack of response on the part of Nature; 
the bones "won’t heal”. (This should be the object of more research; and the author 
suggests the .study of vaccines and of resorbable alloy.) All the means of effectively 
increasing the local supplj’ of blood will be of help. 
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FUSION OF VERTEBRAE FOLLOWING RESECTION OF THE 

INTERVERTEBRAL DISC 


BY S. L. IIAASj jM.D.j SAX FRANCISCO; CALIFORNIA 

From the Laboratory of Experimental Surgery, Stanford Uniuemily School of 

Medicine, San Francisco 

Complete removal of the intervertebral disc has been advocated for disc protrusion, 
as well as for the treatment of spondylolisthesis. Some surgeons have also advised, in 
addition to removal of the disc, the insertion of a graft from the spinous process. It has 
been claimed that, by the removal of the disc, the vertebrae become fused and no move- 
ment is demonstrable three months later by maximum pressure on the spinous processes. 
It is further claimed that, when the broad surfaces of the bodies of the vertebrae unite, 
the fusion is just as perfect as by the most successful spinal graft. This union may be only 
fibrous at first, but it is considered sufficient to prevent any motion between the bodies of 
the vertebrae. It is assumed that eventually firm osseous union takes place between the 
bodies, but no definite proof has been presented to substantiate this postulate. 

Opportunity for direct study of vertebral bodies after removal of the intervertebral 
disc is not available. Roentgenographic examination may be inconclusive, as minute 
changes are not discernible. It is known that bony fusion docs not always take place after 
resection of the articular cartilage of other joints. Because of the difficulties just mentioned 
and because of inconclusive results as regards fusion of the bodies after removal of the 
intervertebral disc in human patients, studies in animals seemed warranted. 

Accordingly, a series of six experiments were performed upon dogs of various ages, 
in which the intervertebral discs were removed at operation. It is not the purpose of this 
study to discuss the diagnostic criteria for the various disc lesions, the causes of these 
lesions, or the results which may be expected after removal of the entire intervertebral 
disc. The main problem is to determine what change takes place between the bodies after 
removal of the intervertebral disc. Certain other conditions will be considered, particularly 
the effect upon movement between the articular facets and between the spinous processes. 

In performing the operation for removal of the intervertebral disc, the transabdominal 
approach was utilized, because it was thought that a more thorough removal could be 
accomplished with a direct, clear exposure of the disc. Also, it was believed that less 
sacrifice of the structure of the vertebral bone would be necessary in exposing the disc 
posteriorly in a dog. 


EXPERIMENTAL DATA 


Dog D-1, Aged Four Years 

Experiment 1 was begun on January 17, 1945; the duration of the experiment was 
146 days. At operation the disc between the fifth and sixth lumbar vertebrae was exposed 
through a mid-line abdominal incision. (The dog has seven lumbar vertebrae.) The an- 
terior ligament was incised, and then the disc was resected and curetted as thoroughly as 
possible. The abdominal incision was closed in layers. No supporting dressing was applied 
after the operation. 

At the end of 146 days the vertebral column was removed intact and was cleaned of 
its muscle. As seen from the abdominal side, the intervertebral space from which the disc 
had been removed was widened. There was a heaping up of osseous tissue on either side, 
but there did not appear to be complete bony bridging across the intervertebral gap. 
Roentgenograms showed the heaping up of bone, but not complete osseous bridging. On 
manipulation of the spine, there was found to be no movement between the vertebrae 
from which the disc had been removed; but free movement was possible between the bodies 
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Fig. 1: Dog D-1. Specimen has been split longitudinally, showing the heaping up of new bone on 
the abdominal side. Incomplete bony bridgmg in the resected disc. 

Fig. 2 : Dog D-2. Complete bonj- bridging between the vertebrae. 


on either side. There was, however, veiy slight movement between the articular facets in 
the area of operation. Upon splitting the vertebrae longitudinally, a considerable heaping 
up of osseous tissue on the abdominal side was observed, but not complete bony bridging 

(Fig. 1). 

There was an exudate about the nerve roots and in the extradural space. There was 
also some congestion of the vessels within the dura. 

After the vertebrae had been split longitudinally, forcible flexion and extension pro- 
duced no motion between the vertebral bodies at the site of the operation, and there was no 
change in length of the bodies of the operated vertebrae. ^licroscopic examination of a 
piece of tissue removed from the operative area showed osteoid tissue on the surface. Be- 
neath the osteoid layer were bone trabeculae, with numerous marrow cells. 

Dog D-2, Aged One and One-Half Years 

Experiment 2 was begun on January 17, 1945; the duration was 146 days. At opera- 
tion the disc between the fifth and sixth lumbar vertebrae was exposed through a mid-line 
abdominal incision. A portion of the disc was resected, and the remainder was curetted 
thoroughly. The disc itself was not very wide. A small metal marker was inserted into 
the area in which the operation had been performed. The wound was closed in layers in 
the usual manner. 

At the end of 146 days the gross specimen showed complete bony bridging between 
the two bodies from which the disc had been removed at operation (Fig. 21 . There was no 
movement between the bodies nor between the corresponding facets. There was a slight 
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tendency for a dorsal protrusion of bone toward the spinal canal in the operative region. 
The lateral roentgenogram showed osseous tissue, projecting into the spinal canal. The 
vertebrae were not sjdit for study, but were kept as a gross specimen. There was a loss of 
four millimeters in length of the combined measurements of the two vertebrae from which 

the disc had been removed at operation. 

Doff D-3, Aged Four Months 

Experiment 3 was started on January 
23, 1945, and continued for 140 days. At 
operation the disc between the fifth and 
sixth lumbar vertebrae was exposed through 
a mid-line abdominal incision. The disc 
was partially excised with the scalpel, and 
the remainder was removed as thoroughly 
as possible with a curette. A marker was 
placed in the lower vertebra (Fig. 3-A) . 

Tlie findings at the end of 140 days 
were as follows: After the vertebral col- 
umn had been dissected out, there was 
complete osseous bridging across the area 
from which the disc had been excised (Figs. 
3-B and 3-C). On flexion and extension 
there was no movement between the bodies, 
the corresponding articular facets, or the 
spinous processes. The specimen was split 
longitudinally and again there was found 
to be a complete bony bridge between the 
two bodies. There was an area of degenera- 
tion in the conus medullaris at this level, 
which may have been due to injury at the 
time of the operation. The roentgenogram 
showed complete bony bridging between 
the vertebrae which had been operated 
upon (Fig. 3-D). There was a slight ten- 
dency for bone proliferation into the spinal 
column, as seen in the lateral roentgeno- 
gram (Fig. 3-E). There was also some 
rounding of the bodies in this region. The 
fused bodies measured less than they did at the time of the operation. The adjoining 
vertebrae showed a definite increase in length. Some loss would be expected to result 
from removal of the disc tissue and some from injury to the epiphyseal plate, as this was 
a growing animal. 



Fig 3-A 

Dog D-3. Resected disc, immediately after oper- 
ation. 


Dog D-4, Aged Four Months 

Experiment 4 was started on January 23, 1945; the duration of the experiment was 
140 days. At operation the disc between the fourth and fifth lumbar vertebrae was ex- 
posed through a mid-line abdominal incision. The disc was partially excised and was then 
thoroughly curetted. A marker was placed in the body of the proximal vertebra. 

Upon exposing the operated area at the end of 140 days, there was found to be com- 
plete bony bridging between the two bodies from which the disc had been removed. There 
was no movement between the bodies. There was no motion between the articular facets, 
corresponding to the operated vertebrae. The articular cartilages of the facets appeared 
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Fig. 3-B 3-C 

Show complete bony bridging in the disc, — anteropostenor view (Fig. 3-B) and lateral mew 
(Fig. 3-C). 


a little thinner than normal. There was no movement of the spinous processes of the 
vertebrae which had been operated upon, although those outside of this area moved very 
freely. Upon opening the spinal canal, an enlargement of the cord at the site of the fused 
disc was seen. Considerable hemorrhagic exudate was observed along the anterior border 
of the canal; it extended along several vertebrae. An adhesion extended from the disc to 
the dura. Upon opening the dura, some engorgement of the blood vessels was noted. 

The roentgenograms showed the fusion between the vertebrae at the site of operation. 
There was a loss in length of the fused vertebrae, and some dorsal convexity of the fused 
, bodies of the vertebrae. 

Dog D-o, Aged Four Months 

Experiment 5, which was begun on January 31, 1945, was continued for forty-three 
days. At operation, through a lateral lumbar approach, the body of the second lumbar 
vertebra was exposed, after the transverse process had been removed with an osteotome. 
The disc between the second and third lumbar vertebrae was partially resected and then 
curetted. 

At the end of forty-three days, a loss of tissue was observed between the two verte- 
» brae. There was some motion between the bodies, but considerably less than normal. 
There was no evidence of new bone. The disc had been replaced by dense fibrous tissue. 
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Fig 3-d 


Fig 3-E 


Fig. 3-D Anteiopoateiioi new, showing complete bony budging with fusion of tiie bodies. 

Fig 3-E Lateial new, showing fusion of the bodies, with a tendenc}'’ for posteiioi piojection 
of bone into the veitebial. canal 


No changes were found in the canal or about the cord The roentgenograms showed thin- 
ning of the disc. 

On microscopic examination, there were heavy, dense trabeculae and osteoid tissue, 
similar to the callus seen in the healing of a fracture Some of tlie osteoid tissue looked 
like the young cartilage tissue found in the nucleus pulposus 

Dog D-6, Full Grown 

Experiment 6 was begun on January 31, 1945; the duration was 122 days. At opera- 
tion, through a mid-line incision and transabdominal approach, the disc between the 
fourth and fifth lumbar vertebrae was exposed. The disc was incised and as much as 
possible was removed with the cuiette. A metal marker was placed in the proximal 
vertebra. 

Upon exposing the operated disc on the abdominal surface at the end of 122 days, a 
mass of bone was seen on each lateral margin, connecting the two vertebrae. These masses 
were rounded and projected almost 0.5 centimeter. Between the two lateral sections of 
bone, there was some tissue of softer consistency Tlie dura was exposed by removing the 
spinous processes and the laminae. There was some hemorrhage along the anterior surface 
of the spinal canal. The dura was adherent to the area of the dissected disc There were 
no changes within the dura. 
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The anteroposterior roentgenogram showed complete bony bridging on both lateral 
aspects of the vertebrae, witli an area of diminished density between them. The lateral 
view showed osseous bridging on the anterior surface, with less dense tissue between the 
bodies of the vertebrae. 

Tliere was no increase or decrease of growtli of the normal vertebrae or of the verte- 
brae which had been operated upon. 

INIieroscopic c.vamination revealed that the section from the lateral pieces of tissue 
was made up of an outer layer of bone, beneath which was osteoid tissue. ISTumerous 
marrow cells were in the spaces between the lionc. The inner laj'er of tissue was composed 
of cartilage cells. The process was similar to that of a healing fracture in a long bone. 

COMMENT 

Complete bony bridging occurred between the bodies of the vertebrae of dogs after 
the intervertebral disc had been removed. The bone proliferation was more active in 
young animals. 

When firm osseous union took place, the combined length of the two vertebrae which 
had been operated upon was less than before operation; when union was not completely 
osseous, there was no diminution in length. AVith bony union, buckling toward the spinal 
canal tended to occur, which might account for some loss of length. If a disc operation is 
performed upon a gi'owing individual, one should take into consideration the possibility 
of retardation of growth, with resulting deforinitj’^ of the spine. 

In the removal of the disc from the abdominal side, there was evidence of injuiy to 
the dura and cord. Likewise, in the dorsal approach there is danger of injuring the large 
vessel on the abdominal side. Care should be taken to avoid such injuries. 

After the intervertebral disc had been removed, there was no gi'oss evidence of dis- 
placement of the articular facets. 

Although none of the operations were performed by the dorsal spinal approach, it 
can be predicated from the results of these e.xperiments that, in dogs, if the disc is thor- 
oughly removed so as to expose the bone on either side, osseous union will take place 
between the two bodies. The method of union is similar to that observed in the healing of 
fracture in a long bone. 


CONCLUSIONS 

Complete osseous union took place in dogs between the bodies of the vertebrae, fol- 
lowing removal of the intervertebral disc. In young animals the union was more rapid and 
more likely to be completely osseous. 

Complete bony union between the bodies produced sufficient fixation to prevent move- 
ment between the articular facets and between the spinous processes. AA’hen union was 
incomplete, there was considerable fixation of bodies, but movement took place between 
the articular facets. 
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KNEE FUSION BY THE USE OF A THREE-FLANGED NAIL 

BY DAVID M. BOSWORTH, M.D., NEW YORK, N. Y. 

From the Orthopaedic Service of St. Luke’s Hospital, New York City 

In doing an arthrodesis of the knee for Charcot’s disease in February 1943, it was 
found that stability could not be secured by the usual methods of fusion. The presence of 
degenerative changes with fragmentation necessitated such extensive resection before 
viable bone was exposed that the resulting joint had a gap of one and one-quarter inches, 
and the transplanted patella failed to stabilize the site of arthrodesis. The debrided knee 
surfaces were held together manually and a vitalliuin nail of the Smith-Petersen type was 
driven across the joint space after the tibial graft had been implanted. Excellent stability 
was achieved immediately. Recovery was accompanied by complete ankylosis (Fig. 1-C). 

The same procedure has been used since that time to provide stability in cases where 
ankylosing operations were performed for Charcot’s joints, arthritis, residual poliomyelitis, 
old suppurative arthritis, spastic hemiplegia of the aged with fixed flexion deformity, com- 
pletely relaxed ligaments (hydrocephalus) , and in those knees where the patella had pre- 
viously been removed. The author has avoided it to date where tuberculosis was present; 
in one tuberculous knee, fused elsewhere by this method, amputation was necessaiy later. 
Secondary infection — which frequently occurs in conjunction with such lesions — spread 
along the nail tract, causing massive disorganization. 

On the basis of clinical experience the author believes that, where indicated, this pro- 
cedure is valuable; and hence it is being presented. 

OPERATIVE PROCEDURE 

The usual anterior horseshoe incision should be extended upward on the medial side 
to expose the upper portion of the medial femoral condyle (Fig. 2-A). The ligamentum 
patellae and the capsule are divided, and the synovial membrane is completely removed. 
The posterior two thirds of the patella is removed, and either discarded or used as a free 
graft. The cortex of the upper anterior portion of the tibial tuberosity is removed to expose 
cancellous bone for patellar contact. A section of the patellar ligament is removed, so that, 
after suture, the patella is drawn down into contact with both the tibia and the femur. 
Debridement of the joint, with removal of the cartilage from the femoral and tibial con- 
dyles, is done. The tibial spines and cruciate ligaments are excised. This leaves a larger 
surface of tibial plateau for contact with the flattened surface of the femoral condyle. The 
menisci are excised. In cases of Charcot’s disease of the knee joints, the ends of the tibia 
and femur are cut away until viable bone is secured. Good apposition of the flat surfaces 
should be obtained, with the knee straight. At first the patella was transplanted, as in the 
Hibbs fusion technique. Now, flat surfaces of the femur and tibia are nailed, with no free 
graft interposed. The deep surface of the remainder of the patella ^acts as a viable graft 
across the joint. A vitallium nail of the Smith-Petersen type is driven from the upper 
surface of the medial femoral condyle downward through the condyle and through the 
tibial head and shaft (Figs. 2-B and 2-C) . A screw has been placed obliquely through the 
patella into the tibia to hold the patella down and firmly apposed. Routine closure and 
dressing are carried out. A snug-fitting, long plaster boot is applied. After from ten days 
to three weeks the foot portion of the boot is removed; for the next three months only a 
cylinder cast is used. Occasionally the cast is removed and a long leg brace is applied. 
Except in cases of Charcot’s joints, the patient may become ambulatory on crutches three 
weeks after operation. 

* Read at the Orthopaedic Section of the Medical Society of the State of New York, New York City, 
May 1944 : and at tlie Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, 
Illinois, January 21, 1946. 
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REVIEW OF CASES 

Arthrodesis of eighteen knees has been performed by this method since February 1943. 
In four of tlie cases it is less than three months since operation, and ankylosis has not yet 
been secured. 

In two of three instanees of Charcot’s joint, the knees became solid. Three knees with 
infectious artliritis, two of wliicli had previously had sinuses, have become ankylosed. 
Arthrodesis was completed successfully in five patients with osteo-arthritis; and in two 
patients, fusion was achieved for residual poliomyelitis with instability. One relaxed, un- 
stable knee in a patient with severe hj'drocephalus became ankylosed. Of the first fourteen 
cases, union was secured in all except one with a Charcot’s joint and severe disintegration. 
This patient is now ambulatory, and weight-bearing is possible with the aid of a cane and 
a long leg brace. 

Of the patients in whom union was secured, all support was removed and full weight- 
bearing was possible in from three to six months, except for one syphilitic patient with a 




Fig. l-.A and Fig. 1-B Fig. 1-C 

Fig. 1-A; Charcot’s disease of the knee, showing massive derangement. 

Fig. 1-B; Fusion has been secured by the methods described. 

Fig. 1-C : Weight-bearing is possible on the ankylosed knee after operation. 
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Fig. 3-C Fig 3-D 

Fig. 3-C; Coaptation was secured by impaction thiough manual percussion on the heel 
Fig. 3-D: Arthrodesis has been seemed. Note action of patella, crossing the joint a- a fiee graft 
Here, and in Fig. 1-B, a headless vitalhum nail was used; in this instance the nail was inserted with 
the square end farst. A nail with a head is now employed. 


Charcot’s joint. This patient had had an attempted knee fusion previously, which had 
failed. Union occurred with reoperation by the method described, and in this case a year 
elapsed before full weight-bearing could be undertaken. Hospitalization was necessaiy 
for from three to five weeks, except in the cases of Charcot's disease and in the patients 
^ who had poliomyelitis. The latter patients remained in the hospital for a longer period, 
because of other operative procedures. One other patient, who required hospitalization for 
two and a half months, had an unsuspected sensitivity to iodine, benzoin, adhesive tape, 
penicillin, and numerous other drugs. Her allergic manifestations were so severe as to 
cause her to be extremely uncomfortable for almost a month after operation. 

No other postoperative complications were encountered, and there were no deaths. 
One patient suffered a gunshot wound of the femur four months after operation, without 
disturbing the fusion. All wounds healed primarily, except in one recent case; this patient 
has been found two months after operation, although afebrile, to have several sinuses 
? through the incision line. 

The nail has been removed in one case only. In this instance, the patient complained 
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of tenderness over the base of the nail. She was readmitted to the hospital, after complet 
ankylosis had occurred, and the nail was removed easily through a stab incision. Two o 
the patients had arthritic lesions in the other knee of less extent than those in the kne 
which was arthrodesed. Both of these patients have felt that their “good” knees wer 
improved after the weight-bearing facility provided by the ankylosed knee. Hip spicas o 
braces were not used; long leg splints were sufficient. A few thin headless nails were usee 
at first, but ordinary four-inch hip nails of the Smith-Petersen type have been fount 
satisfactory. 

This method has not been used where (1) tuberculosis was present, ( 2 ) where an opei 
epiphyseal line would have to be crossed by the nail, or (3) where osteomyelitis had beei 
present or suppurative arthritis was still active. In these instances, a Plibbs fusion oj 
simple resection has been done. Where growth is almost complete, crossing the epiphysea 
plates with a nail is permissible. 

This method of fusion offers the following advantages; 

1. A long plaster boot only is necessary. The short, fat woman who needs knee fusion 
therefore presents a simple problem. By this technique the plaster hip spica, previously 
used, can be avoided. 

2. The period of hospital care is shortened. 

3. The devitalized free graft, which requires more time for complete ossification, may 
be dispensed with. In several of these cases the knees have become solid and fully weight- 
bearing within three months. 

4. Not only is stability gained immediately; but the nail permits continued apposition 
of the bone surfaces, in case absorption or separation takes place before union has occurred. 
By early repeated manual impaction on the heel and, later, by partial weight-bearing with 
crutches, the tibia may be made to slide on the nail and to come into contact with the 
femur; but it cannot become displaced laterally, and union will occur (Figs. 3-A, 3-B, 3-C, 
and 3-D). The bone surfaces of relaxed knees (such as are seen in poliomyelitis) are also 
more easily kept in contact by this method. 


DISCUSSION 

Dr. Allen F. Voshell, Baltimore, Maryl.\nd ; Dr. Bosworth has suggested a new and rather sim- 
ple method of more closely apposing the surgically prepared surfaces of the femur and tibia, when fusing 
knee joints in adults suffering from Charcot’s disease and its joint disintegration. Any procedure which 
will hold the two freshened bone surfaces close together until new bone tissue can bridge the space is 
advantageous. An obliquely placed nail ; a loop of strong wire ; staples, such as Blount uses in epiphysi- 
olysis; or transfixed pins above and below are some of the satisfactory methods of stabilization. It would 
seem that a method allowing progressive “snugging up” of the surfaces might be better; but I was 
interested to note that, in the slides shown by Dr. Bosworth, there was no spreading apart of the bone 
ends and no degeneration about the pins or sliding of the pins. This seems to me to be the gauge of the 
efficiency of the method, provided fusion does occur. 

The position of fixation shown is with the leg in full extension. This brings up the question of the 
better utility of some flexion ; flexion allows greater comfort when sitting and still doesn’t detract from 
stability. 

By tradition, I would be opposed to the use of this procedure in tuberculosis, due to the effects upon 
the epiphyses and the trauma to good bone tissue nearby, with the possibility of spreading the disease. 

I shall be interested to hear further from Dr. Bosworth, after he has had more experience. 

Dr. Edwin W. Ryerson, Chicago, Illinois; The use of the three-flanged nail in arthrodesis of the 
knee joint is an excellent procedure. It will prevent rotation and will afford good fi.xation. 

In adults, I think the knee should be fused in about 15 degrees of flexion, as this position is more 
general^' useful than full extension. Children’s knees, however, should be perfectly straight, because 
e\'en a few degrees of flexion will inevitably become exaggerated to a full 90 degrees in the course of time. 
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BY EDWARD L. COMPERE, M.D., AND WILLIAM J. SCHNUTE, M.D., CHICAGO, ILLINOIS 

From the Dcparlmeni oj Bone and Joint Surgery, Northwestern University 
Medical School, and The Children’s Memorial Hospital, Chicago 

The most common cause of failure in the treatment of congenital dislocation of the 
hip, in children four years of age or younger, has been the discontinuance of immobiliza- 
tion before an adequate acetabulum has been formed by the pressure and function of a 
reduced and articulating femoral head. No good criteria have been described for deter- 
mining when to discontinue cast or splint fixation after reduction of the dislocated hip. 
Some surgeons have recommended that the hip should be kept immobilized for five months; 
others recommend seven, nine, or twelve months, or longer. Most orthopaedic surgeons 
discontinue immobilization when the hip joint appears to be stable. 

J\lany patients, after reduction of a congenitally dislocated hip and immobilization 
for varying periods of time, still have markedly inadequate acetabula, although the 
femoral heads may not become redislocated. An inadequate acetabulum will result in dis- 
ability, and redislocation may occur later in life. 

Poor end results in the treatment of congenital dislocation of the head of the femur 
will be much less common, if the reduced hip is held securely in the acetabulum until a 
thoroughly adequate hip joint can be demonstrated roentgenographically. To be accept- 
able, the hip must be relatively normal from the standpoint of depth and slope of the supe- 
rior portion of the acetabulum, and the remodeling of the femoral head and acetabulum 
must be such that they fit accurately and articulate smoothly. 

Surgeons are aware of the harmful effects of long periods of inactivity which may 
result from continuous immobilization in plaster, and this has influenced their decisions 
with respect to the time when all splinting should be discontinued. For several years the 
authors have used a modified Denis Browne splint as a part of the treatment of congenital 
dislocation of the hip. Rotation of the limb is under complete control, and a long bar be- 
tween the two foot plates maintains wide abduction. With this as a convalescent splint, 
continuous pressure of the head of the femur in the acetabulum has been maintained, with- 
out rigid immobilization. 

The deepening and molding of the hip joint after prolonged functional splinting con- 
form to the law of functional adaptation described by Wolff, which states that every 
change in the form of a bone or of its function is followed by certain definite changes in its 
internal architecture and equally definite secondary alterations in its external form. 

The orthodontists are able to reshape the bones of the jaw completely by means of 
very mild pressure applied to the teeth for prolonged periods. A similar principle holds 
with respect to the deepening and molding of the acetabulum and reshaping of the head of 
the femur. In either instance, howmver, a period of many months or even of years may be 
necessary in order to obtain a completely satisfactory end result. 

Every experienced orthopaedic surgeon has observed the development of a secondary 
acetabulum in the ilium, above the unused acetabulum, in cases of old um'educed con- 
genital dislocation. The forces which produced the secondary acetabulum are multiplied 
by use of the spreader splint to remodel the true acetabulum. Hourglass constrictions of 
the capsule of the hip joint will be dilated, or fat and fibrous tissue in the acetabulum wdll 
be compressed until absorbed, if this same molding pressure is maintained for a long 
enough time after the dislocation has been reduced. 
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When the abduction splint is used, atrophy of disuse — either of muscles or of bones — 
is minimum, because the extremity may be exercised while the contact and pressure of the 
femoral head are maintained in tlic acetabulum. The movement of the hip in the acetabulum 

helps to reshape the articulation and 
to make a more noi-mally functioning 
joint than is possible from the static 
pressure obtained in a “frog-leg” cast 
or a plaster hip spica (Fig. 1). The 
abduction splint permits flexion and 
extension in the hip joints. Patients 
may sit up and some of them have 
even managed to walk. When stability 
of the hi]) ])ermits, the splint may be 
removed daily for bathing and, as the 
acetabulum deepens, for longer periods 
of activity. Perhaps its greatest use- 
fulness is as a convalescent splint, 
which may be worn at night for two or 
more years, while unrestricted walk- 
ing and all activity are permitted 
throughout each day. 

Attempts have been made to sub- 
divide congenital dislocations of the 
hip into several groups, depending 
upon the period of development in which the dislocation originated. However, many 
embryologists, anatomists, and orthopaedic surgeons are unwilling to accept such theo- 
retical divisions as foetal, natal, or postnatal dislocations. Although there are various 
degrees of acetabular dysplasia, with varying positions of the head of the femur in its 
relationship to the acetabulum, most cases are hereditary in origin. As Stewart has 
aptly stated: “The pathology of congenital deformities is sown in heredity, develops in 
embryo, and fruits under the trade winds of use”. The differentiation of the hip joint is 
completed in the ninth week of foetal life, and the adequacy of the articulation has been 
determined before that. 

Detailed anatomical dissections of the hip joints and surrounding tissues of a girl, 
aged seven years, who died three months after manipulative reduction of congenitally dis- 
located hips, were made by Allison in 1905. From these dissections and from observations 
made during clinical studies, Allison concluded that the basis of the pathology was as 
follows: 

1. A poorly developed acetabular cavity. 

2. An underdeveloped and irregularly shaped femoral head. 

3. An abnormal direction of the neck of the femur. 

4. Shortening of the adductor group of muscles. (These muscles were found to have< 
been injured by the forced manipulative reduction, both in the muscle elements and in the 
nerve supply to the muscles.) 

5. Shortening of the posterior muscles, the fascia lata, the iliotibial band, the ilio- 
femoral band, and of all pelvitrochanteric muscles. 

A completely satisfactory result of treatment of a congenitally dislocated hip should 
include correction of each of these abnormal conditions. 

Twenty-three years later, Allison reported a clinical study of marked pathological 
changes which developed over a period of years in congenitally dislocated hip joints, al--, 
though the dislocations had been reduced during infancy or early childhood and the reduc- " 



Fig. 1 

Spreader cast which is worn until the liip appears to be 
sufficiently stable to make it safe for the use of the re- 
movable convalescent splint. 
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tions had been maintained. He decided that tlie degenerative arthritic changes were caused 
by the persistently inadequate depth and abnormal shape of the acetabula. The patients 
had been treated by cast immobilization long enough to prevent redislocation, but not 
sufficiently long to permit the acetabulum and the head of the femur to become accurately 
adapted to each other. Allison thought also that much permanent deformity resulted from 
the use of force in the reduction of congenital dislocations. 

GJiorinlcy lias reported ]i3q3ertropJiic arthritis of the hip, which occurred in adult life, 
in a series of patients whose hip joints were congenitally inadequate. The arthritis occurred 
in these sublu.xated hips regardless of whether they were congenitally deficient, or re- 
mained inadequate after the reduction of congenital dislocations because treatment had 
been discontinued too early. 

Neither Allison nor Ghormlej' supplied the answer to the problem which thej’^ de- 
scribed. Only rigid fi.xation was being used in the earlier years. The objections of Allison 
to prolonging rigid fixation beyond the time when the reduction could be maintained with- 
out it are now obviated bj' a splint, which permits motion in the hip joints while still main- 
taining position. 

The purpose of this presentation is to re-emphasize the value of movement and func- 
tion, as well as of prolonged positional splinting, in the development of a completely satis- 
factoiy hip joint after reduction of a congenital dislocation. The plan of treatment de- 
scribed here has been used by the authors for three years. Sixteen patients have been so 
treated. Of these, two had bilateral dislocations. The jmungest patient was five months old 
at the time of beginning treatment, and the oldest was just over three years of age. The 
use of a removable abduction night splint, which permits motion in the hip joint, was 
described bj' one of the authors.'* 

No statistical analysis or end-result study can be made until these patients are several 
years older. The authors’ observations, however, support the conclusions of Ponseti. He 
described a similar method of management of congenital dislocation of the hip, and stated 
that a satisfactory development of the hip joint could be obtained by prolonged abduction 
splinting without immobilization. 


CASE REPORTS 

The following cases, observed by the authors, illustrate the application of this method 
of treatment: 


Case 1. S.B., a girl, aged one year, had congenital dislocation of the right hip. In July 1943 the 
dislocation was reduced by gentle manipulation, under general anaesthesia. A “frog-leg” cast was applied 
to maintain 90 degrees of abduction. Three months later this position was changed to 45 degrees of 
abduction and slight internal rotation of the right lower extremity, maintained by a single hip spica cast. 

In January 1944 the cast immobilization was discontinued, and a Denis Browne splint with a long 
spreader bar was applied. In February the patient was trying to stand while wearing the splint and fell, 
suffering a greenstick fracture of the right femur. A hip spica cast was reapplied. In March the cast was 
removed, and the right hip was found to be subluxated. The spreader splint was reapplied, with im- 
naediate reduction of the dislocation. 

Approximately one year from the date of beginning treatment the hip was completelj’^ stable; the 
spreader splint was then removed for one hour each day. The splint-free time was increased an hour 
every \yeek. By October 1944 the patient was given complete freedom of activity throughout each day, 
ut splints were worn at night. In December the patient walked or ran without any limp. The roent- 
genograms, however, showed the hip joint to be shallow, with a sloping acetabular roof. The night 
splints were continued. 


In December 1945, two and one-half years after the initial reduction, the right hip was normal 
rom the standpoint of function, and completely satisfactorj' roentgenographicallj-. Torsion of the femur 
ad been corrected. However, since the night splinting did not interfere in the least with the comfort 
or rest of this patient, it was planned to continue it for at least six more months. 


Case 2. A.W., a girl, aged one year, had congenital dislocation of the right hip. In Februaiy 1944 
manipulative reduction was carried out, and a cast was applied to maintain the lower extremities in 
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Fig. 2-A 


Fig. 2-B 


Case 4 (L.F.) 

Fig. 2-A : Arthrogryposis with congenital dislocation 
of hips, bilateral congenital dislocation of knee, and 
bilateral talipes equinovarus. 

Fig. 2-B: Method used for reducing, without undue 
force, hips which were held almost rigid by sunound- 
ing fibrous tissue. Note pressure pads applied against 
trochanters. 



Fig. 2-C 



Fig. 2-C: Position 2 Wide abduction with only moderate internal rotation for maintaining 
reduction of both hips. 

Fig. 2-D: Convalescent splint which may be lemoved for bathing; later it will be worn only at 
night. Splint will not be discontinued for two or thiee years, or until roentgenograms show a 
thoroughly adequate acetabulum and smoothly articulating femoral head for each hip. 


90 degrees of abduction. In August a Denis Browne splint with a spreader bar was applied. Three months 
later, reduction was secure. Splints were discontinued during the day, but applied at bedtime. 

By October 1945 function was completely normal. Eoentgenograms revealed a well-developed 
acetabulum, although the capital femoral epiphysis showed some retardation of development. 

Case 3. R.H., a boy, aged eight months, had dislocation of the right hip. Preliminaiy sti etching 
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of unusually short and tiuht adductoi nui-clc' ua* in-tituted for ten tteeks by means of bdateial toe-to- 
groin casts, maintained in progic-suoly increased abduction bj’ a long spreadei bar. 

In December 10-11 the di'location wa- letluced Mictcs'iiilly by manipulation. A ‘‘frog-leg’’ cast was 
ipplied. Three months later, thi' wa-- icplaccd by an abduction hip spica. 



Fig 2-E 

Roentgenogram of congenital dislocation m connection with arthrogryposis, showmg the 
high displacement after treatment ttas started. 



Fig 2-F 

Twehe months after reduction; the position is being mamtained in long spreader coniales- 
cent splints. Note slight flattening of ossification center of femoral epiphyses. Acetabulum. 
^t'L^a'^t’ ^^Sinnmg to deepen. Splints will be continued until the articulation is completely 
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In September 1945, a Denis Browne splint with an abduction bar was applied. On examination in 
December 1945, the reduction had been maintained and the acetabulum was developing satisfactorily. 
It was decided to begin leaving the splint olT iluring part of each day. A night sjdint was to be con- 
tinued for at least one more year. 

Case 4. This patient had arthrogiyposis, with bilateral dislocation of hips and knees and talipes 
equinovarus deformities. The dislocations were very difficult to reduce, since motion of all joints of the 
lower extremities was restricted by extensive fibrosis. A preliminary period of abduction and traction 
made it po.ssible to accomplish the reduction without undue force. Spreader splints now maintain 
reduction of the dislocation in the hips and correction of the club-foot tleformities, and at the same 
time permit exercise of hips, knees, and ankle joints (Figs. 2-A to 2-F), 



Fig. 3 

Abduction casts, which are extended onto the 
thigh to relieve some of the strain on the knee. 
This type of fi.xation replaces the abduction 
spica cast of the body and lower extremities. 


jNIuny difterent types of splint liave been 
used in attempts to obtain reduction without 
forceful manipulation and to maintain reduc- 
tion without the prolonged use of plaster casts, 
which immobilize both the hip joint and one 
or both lower extremities. Putti devised and 
used an abduction splint, consisting of two 
boards that were padded and hinged together 
at one end. Pie was successful in obtaining re- 
duction of dislocations of the hips in children, 
whom he treated during the first few months 
of life by gradually increasing abduction of 
the lower extremities. After the reduction had 
been maintained for two or three months, the 
splint was replaced by a wedge-shaped cushion 



Fig. 4-A Fig. 4-B 

Removable convalescent splint applied about six months after the initial reduction. May be 
removed for bathing and later left off for increasing periods each day, provided the reduction of 
the hips remains stable, as shown by e.xamination and roentgenograms. After about two months, 
it is left off all day, but should be continued as a night splint for an indefinite period of time, — 
probably not less than two years. 


covered with waterproof cloth. This px'ogram of treatment was continued for from eight 
to twelve months. 

Ridlon, who was also a keen observer, recognized the primary defect of malformation 
of the acetabulum, and' the secondary fact of maldevelopment of both the acetabulum and 
the head of the femur, because of the lack of functional stimulus in the dislocated hip. 
Coonse described a modification and improvement of the Putti splint and later, together 
with Stewart, reported a series of cases which were treated successfully by this method. 
Jaeger used a wide abduction splint and added a pressure pad over the trochanter to aid 
in deepening the acetabulum. Freiberg incorporated turnbuckles in plaster casts which 
had been applied bilaterally from the mid-thigh down to and including the foot. By this 
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means lie was able to increase abduction until the heads of the femora were reduced into 
tlie acetabula. 

The importance of movement and function in tlie grou th of the infant and of the devel- 
opment of the muscles and bones of the limbs was recognized by Galland. He advocated 
the use of bilateral spica casts which extended only to the knees; motion of the ankles and 
knee joints was permitted, while the thighs were held in a position of complete abduction. 

Schwartz recently reported the successful treatment of a case of bilateral congenital 



Fig 5-A 

Roentgenogram of bilateral dislocation of the hips before treatment 



Fig 5-B 

Roentgenogram taken Uveh e months after the imtial reduction The acetabula ha\ e de\ el- 
oped satisfactorily, and there is no etidence of damage to the head: of the femora The 
spreader night splint is still nom and will be continued for at least one more \ear, although 
this patient la ambulatory and has no limp. 
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Fig. 6-A Fig. 6-B 

The type of chair used at Children’s Memorial Hospital for children in the "frog-leg” or abduc- 
tion plaster casts. 


dislocation of the hip by means of a spreader cast, applied only to the lower extremities, 
with the knees flexed 90 degrees and with the addition of a V-shaped plaster instead of a 
straight crossbar. This maintained a position of 90 degrees of abduction, but still per- 
mitted the patient to sit up. Thus, Schwartz also recognized the importance of freedom of 
rotation of the pelvis on the fixed femoral head in the more rapid development of the 
acetabulum. 

Although the authors were not informed of his work, Ponseti, in the clinic of Dr. 
Arthur Steindler, began using a removable spreader splint and plan of ti’eatnient almost 
identical with ours. The authors have no desire to try to establish priority with regard to 
any part of the principle which has been discussed. They are sufficiently enthusiastic about 
the advantages of this program of care to urge others to try it. 

The plan of care which the authors have adopted as a routine is as follows : 

Position 1 : The lower extremities are maintained in the "frog-leg^' cast, in 90 degrees 
of abduction, for two months. 

Position 2\ An abduction spica cast is maintained for two months (Fig. 2-C) . 

Position S-A : Bilateral casts of the lower extremity, held widely apart by means of a 
plaster strut to maintain constant abduction and slight internal rotation, are used for two 
months. This type of cast has the advantage of permitting the patient to sit up and to be 
reasonably active. It cannot be removed by an unwise parent at the risk of redislocating 
the hip (Fig. 3) . 

Position 3-B: A Denis Browne splint with a long spreader bar is worn for two months, 
but removed each day for the bath (Figs. 4-A and 4-B). The hip should be stable, but will 
still reAmal a shallow acetabulum. 

Position 3-C', The spreader splint is left off for one hour, morning and afternoon, but 
IS worn for the remaining twenty-two hours each day. Each week an additional hour of 
freedom from the splint is added, until it is finally left off during all of each day. The splint 
should be reapplied at bedtime each night, until the hip joint appears to be normal, — both 
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from the standpoint of function and roentgenograpliically. The night splint should not be 
discontinued until roentgenograms show an approximately normal hip joint with good 
depth, normal slope to the roof of the acetabulum, and a well-formed and well-rounded 
head of the femur. The torsion of the femur will be corrected, in most cases, without the 
necessity of an osteotomy (Figs. 5-A and 5-B). 

Experience with this method has encouraged the authors to express the opinion that 
most congenital dislocations of the hip can be reduced, the reduction maintained, and a 
relatively normal hip joint — from the anatomical and functional standpoints — developed 
by means of prolonged functional splinting. Patience and perseverance on the part of the 
surgeon will be rewarded by reduction without trauma, and by stability of the hip without 
loss of function and without pain and disability from osteo-arthritis and subsequent de- 
formity. AVhen treatment can be started before the patient is four years of age, open reduc- 
tion should not be necessary. Regardless of age of the patient or method of obtaining the 
reduction, the long abduction splint should be used at night for as many years as may be 
necessary in order to obtain a completely adequate acetabulum and smoothly articulating 
femoral head. 
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DISCUSSIOX 

Dr. H. R. McC.rHHOLL, St. Louis, Missouri: This principle in the management of congenital dis- 
ocation of the hip has been attempted in many varied waj-s. It has at times been used in an attempt to 
^complish the reduction itself, but for this it has never been veiy successful. Its use, as described by 
■ ompere, is, in mj^ estimation, not so simple or so perfect as his paper would lead us to believe, 
'ere are five points which I wish to stress: 
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1. The “frog-leg” position cinplo.ycd ns Step No. 1 is, I believe, unnecessary. The initial fixation 
could as well be one of internal rotation and abduction. 

2 . Dr. Compere apparentb' uses a jjreliniinary nianiindation for reduction of the hip. Changes 
taking place in the femoral heads of iiatients .so treated in jaist years have been due to damage, resulting 
from the manipulation; and to a pre.ssuro necrosi.s, re.sulting from the tremendous force of the capital 
epiphysis against the acetabulum. This was Dr. Crego’s i)rimary reason for the institution of preliminary 
skeletal traction in these patients. Dr. Compere’s iiatients, whose dislocations have been manually 
reduced and whose hips have been fixed in abduction for many months, can reasonably bo expected to 
show similar changes a few years from now. Force exerted against the.se femoral heads is a more im- 
portant factor than an inadeciuatc acetabulum in the develoi)ment of these early degenerative changes. 

3. Dr. Compere slates that a fold of capsule or fibrous ti.ssue in the acetabulum will di.sappear if 
this treatment is continued long enough. lie fails to mention that an occa.^ional case is encountered in 
which the acetabulum is so completely filled with fibrous tissue that reduction is utterly impossible until 
the tissue has been removed. The princiiilc he describes cannot work unless the head has been reduced. 

4. Dr. Compere speaks of congenital dislocation of the hip as though all dislocations are identical. 
I still believe that there are three distinct primaiy types of congenital dislocation. Most of our difficulty 
is encountered in the treatment of the primary anterior t 3 'po. A position of abduction and internal 
rotation cannot and will not prevent the hcatl from slipping forward through the defect in the anterior 
rim of the acetabulum. This we know, because we have tried it in repeated instances. In this type and 
even in some of the posterior dislocation.s, some form of reconstruction of the acetabulum will be 
required, regardless of how long fixation is continued. 

5. If femoral torsion, as stated, can bo corrected by this prolonged fi.xation, this represents its 
principal advantage. However, to accomplish this, the patients are immobilized for approximately one 
3 ^ear. B 3 ’ derotational osteotom 3 ', this time can be appreciabl 3 ' diminished. This woidd seem preferable 
to me, especialb' in our clinics, where man 3 ' patients must travel great distances, and must sta 3 " in the 
hospital until treatment has been completed. 

While this principle has a place among our therapeutic measures, unfortunateb'^ the treatment of 
congenital dislocation of the hip is not simple and cannot be covered in generalities, as intimated. Each 
patient presents an individual jiroblom. Wo occasionalb'^ see a liip which becomes redislocated after 
treatment has been completed. Fixation for a few months by the method described, which permits 
mobility of the hip, will frequently ensure permanent stability. To me, this represents its principal 
value. For this, however, short-leg plaster casts and a crossbar serve the purpose veiy well. This type 
of fixation was described b 3 ' Badgle 3 q in his Presidential Address before this Academy in 1943. 

Dr. Edwin W. Rverson, Chic.igo, Illinois: Several important points have been emphasized in this 
excellent paper. If all congential dislocations of the hip could be recognized and reduced during the first 
twelve or fourteen months, the results would be far better than can be achieved in older children. The 
right-angle “frog” position should be maintained until a competent acetabular rim can be demonstrated 
by roentgenogram. In bilateral dislocations, the Denis Browne splint will provide excellent abduction 
after the removal of the plaster-of-Paris spica, and will afford, as Dr. Compere has said, enough freedom 
of motion to stimulate the development of the joint. It facilitates cleanliness and ease of handling. I 
have never used it, because for man 3 '- 3 'ears I have found that a light, waterproof spica of cellulose acetate 
is comfortable and efficient. 

In unilateral cases, the spica is bivalved and hinged, and the child learns rapidb' to walk with a 
high sole on the normal side. In bilateral cases, the cast is bivalved and held by straps and buckles, as 
no hinges can be used, and it is astonishing to see how well such children can handle themselves and 
how comfortabB^ the 3 ^ can sit on chairs and even walk. 

I described this method in 1926, in The Journal of Bone and Joint Surgery, after using it for more 
than ten years; but, so far as I know, nobody else has ever tried it. 
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Treatment by Resection of the Fragments " 

BY J. T. NICHOLSON 

Caplain, Medical Corps, United States Naval Reserve 

Observations of battle casualties have revealed that, when compound comminuted 
fractures involving the elbow joint are treated by resection of the fragments, a stiff, painful 
elbow with draining sinuses is avoided, and a useful elbow results. The freciuent compli- 
cations of suppurative arthritis and osteomyelitis are aborted. The patient remains ambu- 
latoiy and his evacuation can be carried out under conditions allowing minimum care. 
The wounds about the elbow heal rapidlj", and early function can be pennitted. Unless 
the fracture is associated with a nerve lesion, no especial after-care is required, and thus 
the period of hospitalization is reduced. 

HISTORIC.AL BACKGROUND 

Resection of the elbow joint has been practised for almost two centuries. According 
to Ashhurst, a resection of the lower end of the humerus was done by Wainman and by 
Tyre in 1758 or 1759, and a complete resection of the elbow joint was performed by the 
elder Moreau in 1794. Park, in 1783, described the surgical approach through a single 
longitudinal incision parallel with the radial border of the ulna. 

Resection after gunshot wounds of the elbow, with compound comminuted fractures 
involving the joint, was employed extensively during the numerous European wars of the 
early Nineteenth Centuiy. This is revealed in Table I, wliich was prepared by Otis. The 
high mortality from the procedure, 44.5 per cent., was due to inability to control shock and 
infection, rather than to lack of surgical skill. This is apparent in a report by Burke of an 
excision of a soldier’s elbow joint in the Regimental Field Hospital in Crimea in 1855. The 
wound was brought together by means of sutures and adhesive plaster; this was followed 
by extensive swelling. Two sutures were removed and “very copious and exhausting sup- 
puration succeeded’’, ilr. Burke was “disposed to attribute the supervention of the un- 
pleasant symptoms above mentioned to a constitutional diathesis ill adapted for the receipt 
of the shock of a severe wound, such as is frequentlj' observed in soldiers after a certain 
term of military service”. 

In the American Civil War, Otis reports the results of 626 cases of elbow resection. 
There was a mortality rate of 23.7 per cent., which was about half the mortality rate of the 
series reported for the preceding fifty years. The mortality rate during the Civil War from 
amputation of the upper arm was 23.6 per cent. The lowest mortality observed by Otis 
(Table II) occurred in the delayed or secondary resection. He stated that the high mor- 
tality rate in the intermediary resections was due to the frequent incidence of septicaemic 
infections and hemorrhage. He pointed out that primarj^ resection was preferable, as the 
source of infection was attacked and the period of convalescence was shortened. This, he 
declared, had been emphasized by Esmarch, Langenbeck, and Stromeyer. He claimed ex- 
cellent results “when the joint ends of either the upper or forearm have been removed after 
complete exposure of the joint, and the uninjured portions of the articulation have been 

unmolested”. 

Fifty years later, in World War I, among the reports of elbow resections reviewed, 

* Read at the Annual Meeting of The .American .Academy of Orthopaedic Surgeons, Chicago Illi- 
nois, January 22, 1946. ^ 
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TABLE I 

Showing the Results of Cases ok Shot Fhactuke of the Elbow Treated by 
Excision on the Occasions Named and from the Authorities Quoted •*= 


Action, etc. 


Result Percentage 
Total Recovery Deatlis Unknown of Fatality 


Revolution in Paris, 1848 (Baudens) 

War in Sleswick-Holstein, 1S4S-50 (E.smarch) 

2 

1 

1 


50.0 

40 

34 

6 


15.0 

Crimean War, Russian (Hubbenct) 

25 

7 

9 

9 

56.2 

Crimean War, French (Clienu) 

4 


4 


100.0 

Crimean War, British (Mattlicw) 

20 

i7 

3 


15.0 

Italian War, 1859-60 (Demme, Rodolfi) 

3 

3 



0.0 

New Zealand War, 1863-65 (Mouat) 

1 

1 



0.0 

Danish War, 1864 (Loefller) 

Six Weeks’ War, 1866 (Beck, Stromeyer, K. Fi.scher, 

43 

30 

is 


30.2 

Maas, Hascliek, Berend) 

53 

43 

10 


18.8 

Campaign in Dalmatia, 1869 (Ricdl and Ebner) ... 
Franco-German War, 1870-71 (Bartliclme.^.s and 

2 

2 



0.0 


Merkel, Beck, Bergmann, Billroth, G. Fi.scher, 
H. Fischer, Goltdammer, Graf, Herrgott, Kirchner, 
Koch, Langenbeck, Lessen, Liickc, MacCormac. 
Mayer, Ott, Rupiirecht, Schaeffer, Schinzingcr, 
Schiiller, Socin, Steinberg, Stoll) 

183 

135 

48 

164 


26.2 

Franco-German War, 1870-71, French (Chciui) 

212 

48 


77.3 

Aggregates 

588 

321 

258 

9 

44.5 



* Taken from Otis“, p. 901. 


four pertinent observations were outstanding. First, there wore no reported mortalities. 
This was attributed to the prevalent use of Dakin’s irrigation and of gauze packing in the 
wounds. Second, while primary or secondary resections were usually favored. Swan con- 
tended that there was no additional risk in intermediate resections. This he attributed to 
his use of mixed polyvalent streptococcus and protons vaccine in all cases. Third, although 
it was universally conceded that the wounds be left open after excision. Shepherd advo- 
cated partial closure of less severe wounds and complete closure of the early wounds, after 
they had been excised and “hipped” [treated with bismuth iodoform paraffin paste]. 
Fourth, there was more conservatism in the amount of bone excised. Moore stated that 
the functional result was inversely proportional to the amount of bone removed. 

These progressive measures of twenty-five years ago were practically taken for 
granted in the care of the compound comminuted fractures of the elbow joint which com- 
prise the material for this presentation. The author adopted this method of treating com- 
pound comminuted fractures of the elbow joint after observing, over a ten-year period, a 


TABLE II 

Numerical Statement of Six Hundred and Twenty-Six Cases of Complete or 
Partial Excisions of the Bones of the Elbow Joint for Shot Injury t 


Mortality 
Itatc 5 

Total Recov- Fatal Result Determined 
Operations Cases cries Cases Unknown Cases 


Primary 322 250 68 4 21.3 

Intermediary 197 127 69 1 35.2 

Secondary 54 49 5 . . 9.2 

Time of operation unknown 53 44 4 5 8.3 


Aggregates 626 470 146 10 23.7 


t Taken from Otis“, p. 845. 
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patient of Willard’s who had had his elbow blown out with a dynamite charge; and after 
examining several patients of Buzby’s who had had resection, rather than arthroplasty, for 
ankylosis of the elbow joint. 


CLIXIC.VL MATERI.VL 

During the campaign in the Solomon Islands in 1942, a few patients with extensive 
compound fractures of the elbow, with marked comminution of the joint surfaces of the 
humerus, ulna, and radius, were treated from three to ten days after injury by resection of 
the fragments. Impressive were the subsidence of fever, relief of pain, and diminution of 
drainage. Unfortunately, no follow-up examinations could be planned for these patients, 
as they were evacuated from island to island, bj' ship or plane, until they reached the 
United States. In the past two years it has been possible to observe twelve patients with 
x compound fractures involving the elbow joint, caused by bullet or shrapnel wounds, in 
whom the bone fragments were removed from two to six months after injurjL Suppurative 
artliritis with draining wounds existed at the time of operation in every case except Case 2. 
The patients have been follow'ed from one to seventeen months after operation. 

TECHXIQCE 

The patient was given a general anaesthetic. The apparatus supporting the elbow was 
removed, and sterile gauze was placed over the wounds. The entire arm, from finger tips 
to axilla, was scrubbed with a hand brush and green soap. The hair was shaved. The skin 
was prepared with ether, alcohol, and merthiolate. A pneumatic cuff, inflated to 212 milli- 
meters of mercury, was used as a tourniquet. A lateral approach to the elbow joint was 
used. Only the loose fragments of bone were removed; and no resection of intact bone, 
other than the radial head, was undertaken. The cartilage which covered the bone ends 
was not removed. In those patients in whom the trochlea was not fragmented, a pannus 
usually covered most of the cartilaginous surface. Beneath the pannus, the cartilage had 
i lost its normal luster and whiteness; but it was not removed. All granulations and puru- 
lent material in the area were swabbed and flushed out as well as possible. Only those 
metallic particles which were in the field of operation were removed. 

The operative incision was closed primarity, except in two patients, where it extended 
into large granulating wounds. When small wounds lay in the line of incision, they were 
excised and closed with the incision, i^o attempt was made to close the second wound or 
sinus communicating with the elbow. A compression dressing from the finger tips wms 
applied before the tourniquet was released. 

In the early cases, a plaster-of-Paris cylinder, extending from fingers to axilla, was 
believed necessary for immobilization. It was found, however, that the patients were not 
uncomfortable after the fracture fragments had been removed, so that a simple anterior 
splint was used for only two weeks. This was followed by a sling. The patient was encour- 
aged to take his arm out of the sling and to discontinue its use entirely after the fourth 
neek. After from four to six weeks, the men went on convalescent leave. During this time, 
considerable progress in motion was made in every case. 


TKt.'AT.Mli.NT 


Sulfonamides were used in the early cases treated on shipboard. Powdered sulfathia- 
zole was sprayed into the wound, and the tablets were given orally. tMien penicillin be- 
came available, the patient was given 20,000 units everj’^ two hours for twenty-four hours 
efore operation and for seventy-two hours after operation. Penicillin was given by con- 
tinuous hypodermoclysis after operation in one case, klo particular change was observed 
in the patient’s postoperative course, and psychologically he was verx' unhappy about the 
necessity of remaining in bed for three days. 
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Fig. 1-E 


Photogiaphs indicate the lange of elbow motion. 
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clone at two weeks, the wounds were erusted to the dressing. When the dressing had been 
removed, there was no free drainage from the open wounds or sinuses. The elbow had lost 
the fusiform swelling and had praetically regained its normal contour. The absence of pain 
was noted. Some of the patients recalled the diacomfort they had had when the supporting 
cast was removed before operation to permit photograjdis, and they were amazed to move 
their elbows without pain through a range of from 20 to 30 degi’ces. 


COMPLIC.VTION.S 


The complicating injuries included third-degree hums, wounds of the chest, and frac- 
tures of the other extremities. The local complicating injuiy was damage to the radial or 
ulnar nerve. An injury to the median nerve did not occur in this series of cases. The radial 
and ulnar nerves were both para- 



Fia. 2-A 

. Case 3. Photograph taken fifty- 
six days after injuiy. 


Fig. 2-B 

Roentgenograms show the appearance of the elbow after 
re.^ection of the capitellum and head of the radius. 


in four patients; in one, recovery 
was spontaneous. The radial 
nerve alone was involved in one 
patient; there was spontaneous 
partial recoverj^. The nerves 
uhich failed to recover were ex- 
plored by members of the Pe- 
lipheral Xerve Service, and were 
found to have lost continuit}'. 
These nerves were repaired, but 
\ sufficient time had not elapsed 
to report upon the extent of their 
lecoveiy. Xo patient suffered an 
additional nerve injury as a re- 
sult of the operative resection of 
the fragments of the elbow joint. 
A sinus persisted after operation 
^ in only one case; after three 
months, a sequestrum was re- 



Fig 2-C 

Patient illustrates elbow motion. 113 d.iys after operation 


Fig. 3-A Fig. 3-B 

Case 4. Roentgenograms show the shattered olecranon scvcnt 3 '-six cia 3 ’S after injiny (Fig. 3-A) 
and after resection (Fig. 3-B). 




Elbow motion 127 da 3 's after operation is shown. 

moved. Healing was primary, and no further drainage occurred during four months of 
additional observation. In three cases the head of the radius was removed within from 
three to six months after resection to improve active pronation. In these cases there was 
no joint s.pace, but dense fibrous scar tissue was present between the bone ends. The 
roentgenographic examination of the resected joints, four or more months after operation, 
frequently revealed spicule formation about the bone ends. No loss of motion had been 
observed as a result of these bone changes. 

ANALYSIS OF EESULTS 

The condition of the injured elboiA's remained almost stationary until the underlying 
fragments had been resected. There 3vas little wound repair. A wound, fifty-one days after 
injury, is shown in Figures 1-A and 1-B. Sixty-six days after resection of the fragments, 
the wound was completely healed. The regression of infection and the ability to attain 
function of the elbow were essentially the same, whether the resection 3vas done in the 
primary, intermediate, or secondary phase. A resection in the primary stage, unless the 
injury was complicated by a nerve lesion, resulted in a much shorter convalescence. Re- 
section and primary closure of the surgical wound, without regard for phase of injury, was 
possible with the use of penicillin. 

The most important consideration in analysis of the results was the future function 
of the arm. This was found to depend upon the amount of bone resected (Table HI)- 
There were five classes of resection; 
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1. Resection of Capitelluni and Head of Radius (Three Cases) 

In Case 3 (Fi^s. 2- A to 2-C) the wound was resected and closed at operation; primary 
healing resulted. The fragments were resected an average of seventy days after injury in 
this group. The follow-u]), which was made at an average of sixty-seven da 3 ^s, revealed 
lateral stability in extension or flexion; a flexion deformity of from 10 to 20 degrees; flexion 
against icsistance to more than a right angle; no interference with the power of extension; 
and a relative^ good range of supination and pronation. 

2. Resection of the Olecranon 

Case 4 (Figs. 3-A to 3-D) was the only case in this group. The fragments were re- 
sected and the ulnar nerve was transplanted sevent 5 ’^-six days after injury. The follow-up 
at 120 days revealed 10 degrees 
^ of lateral instabilitj’' when the 
nruscles vere relaxed, no flexion 
defonnitj', and flexion against re- 
sistance to more than a right 
angle. Extension of the forearm 
against gravitj' was possible onlj'- 
to 20 degrees; but the arm could 


Fio 4-A 

Fig 4-A Case 5 Condition of wound foity-fi\e days after injury The wound was resected and 
closed at opeiation Primaiy healing took place 
Fig 4-B Patient demonstrates range of motion fifty-fi\e days after operation 




\ 


Fig 4-C Fig 4-D 

Fig 4-C. Roentgenographic appearance of elbow forty-five days after mjurj' 

Fig. 4-D . Roentgenograms taken 127 days after the resection 

be abducted with the elbow in extension, and a fourteen-pound weight could be raised five 
^ inches above the head. The range of both supination and pronation was within 30 degrees 
of normal, although the head of the radius was not resected. 
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Fig. 5-A 


Fig. 5-B 


Case 9. Pholosiaph taken sev- Patient (Icmon'.tiato-^ langc of motion fifty-eight days after 

enty-one days aftei injuij'. Tlie oiieiation. 
elbow lias a diainmg biniis and 
I'eqiuies suppoit. 




Fig. 5-C 


Fig 5-D 


Before opeiation. 


After lesection. 


3. Resection of the Proximal End of the Ulna and Radius 

The one patient in this group (Case 5) had complete ulnar paralysis (Figs. 4-A to 
4-D) . The fragments were resected forty-five days after injury. The follow-up at 127 
days revealed 25 degrees of lateral instability when the muscles were relaxed, a flexion de- 
formity of 15 degrees, and flexion against light resistance to 90 degrees. Extension of the 
forearm against gravity was possible to 30 degrees. The arm could be abducted with the 
elbow in extension. Supination was possible to 30 degrees, and pronation to 10 degrees. 

4. Resection of the Condyles of the Humerus and the Head of the Radius 

There were three cases in this group. In two cases the fragments were resected not 
quite two months after injury, but in one patient (Case 8) resection was done six months 
after injury. A partial radial paralysis existed in Case 8. The patient also had a persistent 
sinus after operation, and on the 114th day a sequestrum was removed. The wound was 
still closed after four additional months. The most extensive wound Avas present in Case 7 
(Figs. 1-A to 1-E) ; it was healed sixty-six days after operation. The head of the radius 
and the overlying scar were resected secondarily on the 126th day after operation, Avith 
resultant improAmment in supination and pronation. 
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TABLE III 

PosTOPKl! \T1VK FUNCTION 









.Vbduc'tion Elevation 




Days 


Range 



with 

with 

Extension 



-Iftcr 

Day,-. 

of 

Supina- 

Prona- 

Elbow 

Elbow 

against 

Operative 


Ojicra- 

.tfter 

Flexion 

tion 

tion 

Extended 

Extended 

Gravity 

Be-cction 

C.I.-0 

tion 

Iniury 

(Dra‘'re<<) 

tDcorcci) (Drc-'CCf) 

[Degrees) 

(Degrees) 

(Degrees) 

Capitcllum 

1,R.W.A. 

GO 

125 

ICO to 30 

GO 

90 

90 

90 

90 

and liead 
of radius 

2. R.L.H. 

30 

120 

170 to 30 

90 

60 

90 

90 

90 


3.R.A.1V. 

113 

169 

160 to SO 

60 

20 

90 

90 

90 

Olecranon 

■J. W..V.B. 

120 

196 

ISO to 70 

75 

60 

90 ■ 

0 

20 

Proximal 
end of ulna 
and radius 

5. R.F.C. 

127 

172 

175 to 90 

30 

10 

90 

0 

30 

Condyles of 

6, F.R.C. 

90 

169 

205 to 30 

90 

20 

90 

0 

25 

humerus 
and head 
of radius 

133 

1S6 

190 to 30 

65 

0 

90 

0 

10 

7,J.A.B. 


S.R.C.F. 

2-lS 

■145 

190 to 80 

10 

20 

60 

0 

23 

Condyles of 

9,H.E.G. 

58 

139 

185 to 30 

10 

0 

90 

0 

3 

humerus, 









olecranon, 
and head 

lO.J.R.W. 

120 

237 

ISO to 90 

65 

- 10 

0 

0 

10 

of radius 

11,L.AJC 

277 

279 

190 to 30 

45 

0 

0 

0 

20 


12,C.B. 

510 

539 

190 to 70 

70 

20 

0 

0 

30 


The follow-up of this gi'oup was made at an average of 200 days, and revealed from 
30 to 45 degi-ees of lateral instability; no flexion deformity; but from 10 to 25 degrees of 
hyperextension. With five pounds of resistance, flexion was possible to more than a right 
** angle; extension of the forearm against gravity was possible from 10 to 25 degi-ees. and the 
arm could be abducted with the elbow extended. 

5 - Resection of the Condyles of the Humerus, the Olecranon, and the Head o} the Radius 

There were four cases in this gi'oup. Case 11 was one of ulnar paralysis. A primary 
resection had been done. The patient’s arm was flail until after a secondary resection of 
the head of the radius and the overlying scar had been performed on the 215th day. His 
improvement, as shown in Table III, was remarkable. In Case 12 a resection of the frag- 
ments was carried out on the twenty-ninth day. Although the patient was seen after injury, 
his complicating chest wound, hemorrhage, and shock did not permit immediate operation 
upon the elbow. He had a partial residual ulnar paralysis from his brachial wound. Be- 
cause of a two-inch gap between the bone ends, a supination deformity, and lateral insta- 
bility of almost 90 degrees in either direction, I’emoval of the head of the radius and con- 
struction of lateral ligaments and expansion of the triceps with fascia lata were done on 
the 198th day after operation. In Case 10 a resection was performed on the 117th day 
] after injury. The patient had a large granulating wound, three inches in diameter, over 
the medial surface; and a partial ulnar paralj'^sis. The head of the radius was not removed 
at the time of operation, and a supination deformity resulted. In Case 9 fFigs. 5-A to 
5-D) a resection was done eighty-one days after injury. 

The follow -up of these patients, averaging 239 days after resection, revealed as much 
as 60 degrees of lateral instability; hyperextension against gravity of 10 degrees; and 
flexion against the resistance of a glass of water to 90 degrees or more. The initiation of 
^ this flexion was accomplished by eliminating the force of gravity. Extension of the fore- 
arm against gravity was from 5 to 30 degrees. Only in Case 9 could the arm be abducted 
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with the elbow extended. Proinition was pos-sihle to 20 degrees in one case. All of the 
patients had active motion at the distal humeroradial joint. 


.SU.MMAUY 

Surgical resection of the fragments following ji (’ompound comminuted fracture in- 
volving the elbow joint was without major complications, d’he lU'occdure was carried out 
in the presence of open tlraining wounds, in the primary, intermediate, or secondary phase 
of the injury. The patient was ambulatory from the first day after operation. Elbow 
motion was started after two weeks, and no mechanical support other than a sling was used. 

The operative wound was closed primarily when i)enieillin was used. The tempera- 
ture, pain, fusiform swelling, and drainage subsided after the resection. The operative 
wound healed primarily within two weeks. The healing time of the wound of injury de- 
pended upon the extent of soft-tissue damage. 

The functional result was better when there was little loss of bone substance. If the 
trochlear surfaces of the humerus and ulna had been preserved, the elbow joint to all 
intents and purposes functioned normally. W'ith the loss of the olecranon or the condyles 
of the humerus, the power of extension was sacrificed. The loss of the trochlear surface of 
the ulna added lateral instability in relaxation and slight loss of flexion power. The loss 
of the condyles of the humerus, alone or in conjunction with the proximal portions of the 
ulna and radius, resulted in about the same degree of additional loss in power of fle.xion 
against resistance and in further instability of the joint. Lateral instability of more than 
45 degrees resulted in loss of ability to abduct the extended arm. Resection of two or three 
inches of the humerus resulted in a longer period bcfoi’o the power of flexion was regained, 
and in the most unstable joints. Even with a plastic rejurir, three inches was cbnsidered 
the greatest resection possible. The ability actively to supinatc and pronate the forearm 
was, with one exception, dependent upon the absence of the head of the radius. Three 
patients were improved by a secondaiy operative removal of the head of the radius. The 
only patient who had a supination deformity failed to have the head of the radius removed. 
In all cases, pronation was more difficult to obtain than supination. A joint space did not 
reform at the site of the resected elbow, but fibrous scar tissue persisted between the bone 
ends six months after operation. Following operation, the formation of bone spicules at 
the bone ends was observed, but this had not resulted in loss of function. 
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DISCUSSION 

Dr Jeaa Veibruggo, Antweip, Belgium I aubECiibe witbout hcffitation to the mam ideas contained 
m Dr Nicholson’s paper, and congratulate him on Ills inteie=ting historical data I had the opportunity 
and the prnilege of obsening some of hia excellent lesults, at the United States Xaiai Hospital in 
Oak! ind 

The mam principle underhing the treatment of war mjuiies to the elbow lies m the well-knoivn and 
wideh accepted principle of debiideiiient It is commonly recognized that debndement should be per- 
formed thorouglilx at the lecel of the miurcd mu-cles and fascia, it is also known that one should be 
more parsimonious with the amount ol --km resected But what about the bones’ 

When the mjuiy is at the lex el ot a diaphxsis, excrx' effoit should be made to pieserxe as many 
fragments as possible, exen at the usk ol replacing the fragments of bone in their original position after 
curettage, whenexer possible 

■NMien the injurj affects a joint, liowexcr, cspeciallx m the uppei extremity and still more especially 
the elbow joint, xxhcre ankxlosis takes place --o ea'ilx and mteiferes with function bone max and otten 
should be resected more freelx- As Dr Xichol-on -ax' it xxill bring about faster healing and result m a 
shortened jienod of treatment and m a quick and better restoration of tunction 

I would not fear as much a- Dr Nicholson doe- re-ection ot the loxxer end of the hiimeni' Of 
course cases differ xerx’ much Horn one another but I xxoiild be tempted to dixide them into two gioups 

(1) tho'e m xvhicli onlx one bone has been touched and the joint itself is faiiH xrell pre-erxed, and 

(2) tho'C in which the fiactuie is comminuted and mxolxes sexeial hones and the joint space In the 
first giQup, I xxould lesect the mjuied fiagmcnts as Dr Nichol'on does, and suggest if the operation is 
performed xerj eailx, a thorough cleaning ot the xvoimd and cauterization of the raw surfaces of bone 
axoiding mture of the fU'Cia, so as to prexent calcification In the second gioup, I would not hesitate to 
rc'Oit to the classic resection ol the elbow mduding the lowei end of the humerus 

This prompts me to make the following comments 

1 The name of Olliei should be mentioned m connection w ith resection of the elbovr His mcision 
' eii hayonetlc ’ gixes an excellent approach to the joint 

2 Subperiosteal lesection should be emploxed, because this technique xrill piexent hemorrhage, 
and will respect, as much as possible, the attachments of the muscles and the capsule 

3 Use of scraping instruments like a shaip penosteal elexator or a cuieite should be axoided as 
much as possible 

I The head of the radius should be excised onlx if it has been damaged, m that ca'e its exci'ion 
Is iniperatix e 

5 Immobilization by a plastei cast fiist, and a faixalxed cast later, should be prolonged for many 
weeks and up to three months The peiiod of immobilization depends upon the extensix eness of the 
resection and the condition of the periarticular stmctures 

6 I cannot share Dr Nichol'On’s assuiance about intermechate opeiation, when infection is present 
The danger of hemoirhage is then prexalent, the bone is thin, the xeins are phlebitic, and the soit 
tissues often are diseased B ar siirgerx , iioxxexei is often a mattei of opportunism and judgment 

7 From obserxmg the late results it is often suiprising to note how much strength and useful 
power can be secured m an unstable elbow, when it is flexed bexond the right angle Its aesthetic appear- 
ance ma> not be satisfacton , but it undoubtedlj surpasses m x alue a stiff joint 

Dr Nicholson mentions the conclusions armed at after Alorld ar I His paper and the experi- 
ences of other military suigeons m Morld Hai II proxe that the methods of treatment of compound 
comminuted fractures of the elbow xxill haxe to be rexised 



the TREATME^ of CHROHIC 0«TiC (,. myelitis Br THE USE OF 
i^IUSCLE IRANSi'LANT DP, ILIAC CRAFT 

BV lxeutkxaxt colo.vel euwmu ) k. 

Mcdiad Corps, Army of (he Unilcd Stales 

°yr“: 

foci of chronic osteoinyelitis^iVsi.xtv-mt^^ '""if ^ «i-vty-four separate 

cally all areas of the skeleton have'' been anoeteil /Fi<r f months. Practi- 

volvcd major joints \Yith siij^purative arthritis rr v’ ’ which in- 

cases wnthin ten weeks, and tiiere have been n i^'r percentage of 
fatalities. The average period of observation ha - P^^flmlogical fractures, or 

patients were males between eiglitcen anci tl.irfv . one-half months. All 

to the usual causes, being hematogenous in fom' Tcascfrr 14 ''k' 
secondary to operative infection in six (Cases 21 4 07 It Jo’ 
secondary to infected compound fractures (hxnn I 

wounds) in the remainder. The clironic orannii \ ‘'Occidents, or gunshot 

series, although this method should be imlic-iTh , '''''' 

bone infection. " Bpphcable in selected cases of this type of chronic 

The management of chronic P 3 ’ogcnic ostenunmiu;, 1 i 
factory, and is one of the most distressing nrobleni^ ,• %i unsatis- 
Whether it is secondary to infected compound fractures" off i ' orthopaedic sui^- 
infection, or 3vhether it is hematogenous in orimn ^ catastrophe of operative 

eradicate. Too often it results in crinolino- fi- ^ bone infection has been difficult to 
rence of the disease, pathological fractures ^ ^ joints, atrophied muscles, recur- 
union of infected fractures. The cliroL sen^iJ f^elayed union or non- _ 

taking reconstructive surgery. Frequently it oices an interminable delay in under- 
the rare, but serious, complication of amyloid «n«emia and 

uncommon finding in these debilitated patients particuhi-l""' , not an 

IS necessarily enforced. If there is a lesion of o .• / ^ prolonged recumbency 

pound fracture — as is frequently seen due to fi ' nerve, associated with a coin- 

warfare— it is imperative to clear un 'infeoH Po^’f orating, high-speed missiles of modern 

procedures may be accomplished without c"ela^v^ t/^ 'definitive neurosurgical 

laceration of nerve tissue and surgical renniv longer the time interval between 

the paralyzed muscle groups. ’ ^ ^be prognosis for recovery of 

-- The advent of the bacteriostatic drugs nartipnJn,.) 
a possible cure. However, it soon became ’apparent 

would not be effective, either systemically or loco Ik in r ^ bke the sulfonamides. 

Such tissues include sinus tracts with the surrounSng '''' 

scesses containing chronically infected granulation 7 7- ^^7 

will become dense soar tissu7, sequesta! a7d tZ 77'' “ 
quently found at sites of chronic osteomyelitis FurtI bone which is fre- 

drugs, such as streptomycin, could hardly be exnppfnw f ^be newer bacteriostatic 
chronic bone infection has become established. The val ^ ^^^°®Pbsh better results after 
the surgical treatment of osteomyelitis is considerable T ° fbese drugs as adjuvants to 
gery is possible wdthout danger of the localized infection , radical sur- 

ing an invasive character. In all of the cases reported i or assum- 

is less toxic than the sulfonamides. Streptomycin wa^ 

instances (Table II) some bacterial species present were nnf dor trial. In most 

1 "61 e not sensitive to penicillin. How- 
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ever, penicillin was used systemicallj’^ and locally, as it was felt that, if the usual invasive 
pathogens could be controlled by the bacteriostatic agent, the remaining organisms would 

- be eliminated by the resistance of the host. 

In view of these considerations, it was clear that some method of excision of all in- 
fected and potentially infected thypovascular) tissue, which would result in prompt and 
complete healing with little or no chance of recurrence, as vitallj necessar}''. This v ould 
allow early reconstructive surgery, including correction of deformity, bone graft, teno- 
plasty, and repair of lesions of the peripheral nerves and vascular lesions. Restoration of 
function would be greatly accelerated. The complications and sequelae mentioned would 
be reduced markedty, and the tremendous economic loss which chronic osteomyelitis has 
always exacted in the past would be curtailed. 

Since healing depends to a great extent upon good vascularity of the tissues to be 


healed, it seemed apparent that simply 
removing sequestra and curetting the 
walls of the bone abscesses and sinus 
tracts would lead in too many in- 
stances to incomplete healing, subse- 
quent breakdown, and recurrent drain- 
age. If a radical excision of all avascu- 
lar and infected tissue could be accom- 
plished, however, and if the dead space 
so formed could be obliterated and the 
wound closed, then all the factors for 
prompt healing would be present. The 
rate of recurrence should be exceed- 
ingly small with such meticulous re- 
moval of all tissue which could act as 
a reservoir of potential infection. This 
veiy situation has long been noted in 
osteomyelitis of the ribs and fibulae. 
In these areas, excision of that portion 
of the bone containing the infection is 
almost invariably followed by prompt 
healing. This is due to the fact that, 
once the section of bone containing the 
diseased focus has been removed, the 
adjacent viable and vascular (and con- 
sequently infection-resistantl muscles 
fold into the defect, obliterating the 
idead space, and healing takes place. 

The crux of the entire situation — 
the success or failure of a quick method 
of permanently healing a focus of 

Distribution of chronic osteomye- 
htis in the sixty-four instances reported 
Numbers used for the cases in the text are 
based on this diagram. 

-•1: The areas on the left (Group ri) show 
the skeletal level of all foci which were 
treated by excision and obliteration of the 
defect with viable muscle. 

7'*'® “’'cas on the right (Group B) show 
the skeletal level of all foci which were 
tre;Ued by excision and filling of the defect 
with cancellous iliac bone. 



Fig. 1 
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TABLE I 

Thu Incidknck ok Bonks Invoovko in This Skihks* 


Nimiberof J’er 

Bones Involved Cent, 


Tibia 

24 

36.4 

Femur 

15 

99 7 

Humerus 

7 

10.6 

Radius or ulna 

5 

7.6 

Pelvis 

5 

7.6 

Tarsals 

3 

4.6 

Shoulder girdle 

2 

3.0 

Ribs and transverse ]iroce.sses of vertebrae 

2 

3.0 

Fibula 

2 

3.0 

Patella 

1 

1.5 

Totals 

G6 

100.0 


* The a]iparent numerical discrepancy is due to the fact that lioth the tibia and fibula were involved 
in Case /1-41, and both the ilium and the head of the femur in Case .-1-19. 


chronic osteomyelitis — therefore depends upon tiic successful obliteration of the dead 
space, as well as upon the complete excision of the diseased tissues. 


OBLITEHATIiVG THE DEFECT WITH MUSCLE 

For the past several years, princiiially since the advent of the sulfonamides, complete 
excision of foci of chronic osteomyelitis, with either partial or complete closure, has been 
recommended in the treatment of this disease. I\Ioro recently, obliterating such bone 
defects by exteriorization (skin grafts applied directly to the defect) has again been advo- 
cated, and good results have been reported. Flowevcr, radical excision of diseased tissue; 
filling any deep, rigid-walled bone defect by a viable muscle pedicle, as suggested by Starr 
and Mercer; and closure of the wound appear to be a logical approach to this problem. 
Consequently, it was decided that such a pi-ocedurc would be the method of choice in treat- 
ing chronic osteomyelitis of any area of the skeleton, provided that, surrounding the bone 
focus, there was sufficient muscle tissue which could safely be utilized to fill the defect 
adequately. Such skeletal areas would include the scapula, clavicle, humerus, forearm 
bones (except the radial styloid), and metacarpals in the upper extremity; the pelvis, 
femur, fibula, and metatarsals (and, in selected instances, the tibia), in the lower extrem- 
ity ; and the vertebral processes and ribs. In these areas the procedure has been to radically 
excise the avascular and infected tissue, fill the bone defect by Auable muscle, and do a 
loose primary or secondary suture, even if this meant leaving the extremity flail, but clean 
surgically. In a few pertinent instances, this has allowed early repair of associated 


TABLE II 

Micro-Organisms Recovered from the Wounds in Twenty Cases of Compound Fracture 

Complicated by Chronic Osteomyelitis * 


Cases Per Cent. 


Pseudomonas aeruginosa (.Bacillus pijocijancus) 14 70 

Staphylococcus aureus 10 50 

Staphylococcus albus (facultative anaerobe) S 40 

Staphylococcus aureus (hemolytic) 7 35 

Escherichia coli and paracolon species 6 30 

Proteus species 6 30 

Diphtheroids 3 15 

Aerohacter aerogenes 3 15 

Streptococcus viridans _ 3 15 

Streptococcus pyogenes (Strcptococnis haeinolyticus) 3 15 

Streptococcus species (non-hemolytic) 2 ^ 


* With one exception, all wounds contained multiple species. 
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Fig. 2-A Fig. 2-B 

Case A-8 Case A-2Z. 




Fig. 2-C Fig. 2-D 

Case AA4. Case .4-32. 

Example.s of muscle pedicles u^ed in filling bone defects. 

peripheral-nerve lesions; the false motion and shortening of the extremity favor easy ap- 
proximation of the nerve, ivithout tension. 

Closure of the skin and superficial fascia over the wound should be done, even if it is 
necessary for the operator to do a relaxing incision on one or both sides of the original 
Wound, displacing the skin and subcutaneous tissue so that closure may be made without 
tension, and then covering the skin defect so formed by a split-thickness skin gi’aft. In 
many instances, particularly in the lower extremities, later bone-grafting will be required 
to give the involved bone sufficient strength to fulfill its function of weight-bearing. 

— The routine procedure includes an evaluation of the patient s general condition and a 
study of the local pathological conditions. AVountl cultures are done routinely, although 
^ the organisms found have in no instance caused a change of plan. The ordinary roent- 
genographic studies are made. Then, after lipiodol injection of the sinuses, stereoscopic 

VOL. 28, NO. 2, JULV lU ll! 




Fig. 4-A Fig. 4-B 

Case A-35. Patient sustained a perforating gunshot wound of tlie right knee on December 15, 1944, 
with loss of anterior soft tissues, and a compound fracture of the lower pole of the right patella, with 
resultant chronic osteomyelitis. Excision, patellectomy, and plastic closure of the wound were 
performed on January 16, 1945. The surgical wound healed in eighteen days; this terminated one 
month of mild purulent drainage. Eight months after operation there was 25 degrees of painless 
weight-bearing motion in the knee joint. 

Fig. 4-A : Roentgenograms taken on January 15, 1945. 

Fig. 4-B; Roentgenograms taken on September 13, 1945, eight months after operation. 


views are taken to show the extent and ramification of such tracts. The patient is placed 
on a high-protein diet, supplemented by a high vitamin intake, with replacement of whole 
blood and plasma as necessary. 

At the optimum time, as early as possible, the patient is operated upon. In so far as 
possible, a pressure-cuff tourniquet is employed. Methylene blue is injected into all sinus 
tracts under slight pressure; this aids en bloc excision by delineating the tortuous, and 
often multiple, sinus tracts. An appropriate surgical approach is made, which should always 
extend well into normal tissue, both proximal and distal to the diseased condition. This is 
essential, not only for complete visualization of the diseased tissue, but because peripheral 
'nerves and important vessels must be isolated above and below the pathological process in 
order to preserve their integrity while the operator proceeds with the radical dissection. 
Also, such exposure is necessary for the proper selection of a portion of muscle to be sacri- 
ficed, if needed, by forming it into a pedicle. This is done in such a manner that the inner- 
vation and blood supply of the donor muscle and the blood supply of tlie pedicle will not 

THE JOURN.AL OF BOXE AND JOINT SURGEf^ 
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Ca:e .1-19 Patient bU=taiiied a perforating gun- 
shot MOiinii in the region of the left hip on Augusts, 

1944 This caused in incomplete fcmoral-ner\ c 
lesion and a compound fiaclure of the head of the 
left lemur and adjacent acetabulum, with re-ultant 
chrome osteomjclitis and purulent arthritis of the 
hip joint Excision and aithrodc-is were peitormed 
on Xoiember 24, 1914 The wound w.i' piitiallx 
closed,, and had he iled bj’ 'ccond intention on the 
twentieth d33 after operation, terminating four 
months of constant punilent drainage Clinically, 
the hip fusion w.is solid in four months 

Fig 5-.\ Preoperatii e anteroposterior roentgeno- 
gram of left hip, taken on October 7, 1941 

Fig 5-B Lipiodol studx, nude on October 2S, 

1945 

Fig 5-C Roentgenogram, taken on .Viigust 1, 
1945, shows intra-articular bonj fusion 

Fig 5-D Photograph of the operatic e site in Xo- 
X ember 1945, one jear altei operation 



Fig 5--A 



Fic 5-B 
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bo jeopardized; the object is to ensure niinimiun interference with function of the part and 
a viable pedicle. All abnormal tissue — -sinus tracts and infected granulation tissue, se- 
questra, eburnated and abnormal bone — ^and foreign bodies, if involved, arc removed radi- 
cally so that all remaining tissue appears normal and has good vascularity. The tourni- 
quet is then released and hemostasis is ol)taincci. The bone defect, if shallow, will be 
obliterated by slight displacement of the surrounding muscles; if deep, a muscle pedicle is 
formed and sutured into the defect (Figs. 2-A to 2-D). Deep vertical mattress sutures 
of 0.009 stainless-steel wire are placed, and the wound edges are lightly approximated. 



F G. 6-A 


Ciihc A-27. Piitient sn&tained a 
GOinpoiiiul, comminuted fracture of 
tile loft femoral .-^liaft, with re.sultant 
clironic o.itcomyoliti.s, caused by a 
ricoclietirif? bullet on July 5, 1944. 
Exci.sioii wa.s performed on Januai-y 
10, 1915. The wound healed com- 
I)lctel.v after eight weekd of thin 
."•erou.s drainage from one sinus; this 
terminated si.v montii.s of constant 
copious purulent discharge. 

Fig. 6-A; Lipiodol .study on De- 
cember 15, 1944, showing the exterrt 
of the bone defect and the metallic 
foreign bodies. 

Fig. 6-B : Anteroposterior and lat- 
eral roentgenograms taken on Sep- 
tember 27, 1945. The union does not 
appear to be solid, although the pa- 
tient had been ambulatory in an 
ischial weiglit-bearing brace for two 
months, witliout untoward symp- 
toms. 

Fig. 6-C: The apiiearance of the 
opci'iUive site in November 1945, 
sliowing the extent of the surgical 
approach made in order to obtain 
adequate exposure. At this time, ten 
mouths after operation, there is 95 
degrees of painless, active motion of 
the knee joint from the extended 
position. 



Fig. 6-B 


Fig. 6-C 
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Fig. T-A Fig. 7-B 

Caie .4-33. shell fragment perforated the lower thigh on .\pril 16, 1944, and the patient sii.5- 
tained a compound, severely comminuted fracture of the lower femur, with re.-ultant chionic 
osteomyelitis. .Alignment was maintained b.v skeletal traction, and partial bony union occurred. 
Surgical excision was performed on October 16, 1944, and the wound healed in four week.s; this termi- 
nated seven months of mild punilent discharge. In September 1945. eleven months after operation, 
there was .shortening of one and one-quarter inches and 105 degrees of painless knee motion from 
the extended position. 

Fig. 7-.4.; Lipiodol study made on October 7. 1944. 

Fig.. 7-B: Roentgenograms taken on .\ugust 20, 1915. 


A direct or an eccentrically placed drain is removed in forty-eight hours. few wounds 
have been closed by secondary suture five to seven days after excision of infected tis.'ue. 
-■Appropriate plaster-cast immobilization is applied, as indicated. .All patients received 
penicillin intramuscularly for three weeks, and no sulfonamides were used. The initial dose 
of 25,000 units of penicillin is administered at the time of operation and repeated every 
three hours for two weeks. During the third week the dosage is gi’adually decreased and 



Fig. S-.4. Fig S-B 

Case i4-23. Patient sustained a gunshot wound of the nght hip on April 12. 1945. c.ui'in 2 a com- 
plete lesion of the sciatic nerve and a compound, comminuted fracture of the right trochanter, 
with re.-ultant chronic osteomyelitis. Exci.-ion and muscle-pedicle tran-plant (Fig 2-B) weie jier- 
loimed September 5, 1945. The wound healed per priinnin on th.e twelfth day after opeiation, after 
le months of moderate purulent drainage. 

f'io. S-.\; Preoperative lipiodol study made on .\ugust 23. 1945. 

Fig. S-B: Postoperative roentgenograms taken on October 5. 1945. 

2S vn .. . 
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the time interval is increased, until the patient receives 10,000 units every six hours on the 
twentieth and twenty-first days. 

Forty-four foci of infection in forty-two patients have been treated by this method. 
Good results were considered to have been olitained in forty-three; there was only one 
failure in which drainage persisted, and this was healed by a second excision. The average 
period of drainage prior to operation was twenty weeks; after operation it was three and 
one-half weeks. Twenty-one wounds were healed completely at the time of first inspec- 
tion, — usually ten to fifteen days after operation. Of the remaining twenty-three patients, 
in all but three the wounds had healed completely within five weeks; these three showed a 
decreasing amount of serous exudate for ciglit weeks, with no recurrence after five or six 
months of activity. 

The one failure (Case /1-231 was due to incomplete removal of eburnated bone. At 
the time of the first excision there was some question as to the advisability of removing a 
small projection of the proximal femoral fragment, which was somewhat eburnated. At 
the time of the second excision it was found that this area had subsequently become seques- 
trated and was the cause of the continued drainage. Such a finding emphasizes the neces- 
sity for radical excision. 



Fig. 9-A 


In four instances there was 
involvement of a major joint, 
with suppurative arthritis. One 
of these patients (Case .4-34) 
had chronic osteomyelitis of the 
entire medial eondyle of the fe- 
mur, with suppurative arthritis 
of the knee joint, secondary to 
a compound T fracture of the 
femoral condyles, which had 
been sustained in a rock slide. 
Adequate exposure was obtained 
through the medial peripatellar 



Fig. 9-B 



Fig. 9-C 

Case A-44. Patient sustained a gunshot wound of the left 
foot on October 6, 1944, causing a compound, comminuted 
h’acture of the cuboid tarsal and the third, fourth, and fifth 
metatarsals : there was loss of substance, ^yith resultant chronic 
osteomyelitis. Excision and muscle-pedicle transplant (Fig. 
2-C) were performed on February 16, 1945. The wound healed 
in fourteen daj^s; this terminated a continuous mild purulent 
exudate of four months’ duration. In September 1945, seven 
months after operation, the walking gait was normal, but run- 
ning disclosed a limp. 


Fig. 9-A : Preoperative roentgenogram taken on December 4, 1944, through a plaster cast, show- 
ing diffuse osteomyelitis of the cuboid tarsal. 

Figs. 9-B and 9-C; Postoperative roentgenograms taken on July 17, 1945, five months after 
operation. 
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Fig. 10 

Shows two tj’pical defects, before and after excision and iliac-bone graft. 

-4 ; Coronal section of a large defect and detail of “brieking-in” the iliac chips. 

B : Shows partial coronal section. 

C ; Sketch of lateral view, showing the surface of the grafted area. 

approach. Excision was carried out as outlined, with removal of all necrotic tissue, includ- 
ing most of the medial condyle. (The cruciate ligaments and menisci could be identified 
by anatomical location only.) The joint was leveled by ostectomy of the lateral femoral 
condyle. All the remaining articular cartilage was excised, and the part was immobilized 
m a spica cast. The wound had completely healed in two weeks, at the time of the first 
dressing, and has so remained (Figs. 3-A and 3-B) . 

The second patient (Case A-35, Figs. 4-A and 4-B) had chronic osteomyelitis of the 
right patella; the lower pole of the patella, the origin of the patellar ligament, and the an- 
terior soft tissues had been shot away five weeks before. Upon removal of the gi-anulation 
tissue, the articular cartilage of the femoral condyles presented itself; and, after patel- 
lectomy, inspissated pus was observed in the folds of the suprapatellar pouch. Smear and 
culture showed Escherichia coli. The joint was thoroughl}- irrigated with two liters of nor- 
mal saline; and fifty cubic centimeters of penicillin solution (500 units per cubic centi- 
meter) was instilled. Plastic closure of the skin and superficial fascia was accomplislied. 
Healing was complete within three weeks. Six months after operation there was 25 degi’ees 
of painless motion, acthm and passive, from the extended position. 

The third patient (Case A-19) had chronic osteomyelitis of the head of the left femur 
and the adjacent acetabulum, with suppurative arthritis of the hip joint, sccondan.- to a 
perforating bullet wound (Figs. 5-A to 5-D). Exposure was made through the lateral 
approach. The roof of the acetabulum and about two thirds of the superior portion of the 
emoral head were excised. As much of the remaining articular cartilage as could be 
reached without dislocating the hip was removed, and the dead space was partially oblit- 
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Fio. 11-C Fk;. 11-D 

Case jB-1. a slioll fraj^inont penetrated the dorsum of the rigid wrist on January 20, 19J5, with loss 
of soft tissue, ineluding tlie extensor tendons to the fingers, aiul a eomijound, comminuted fracture 
of the right lower radius and ulna, with resultant chronic osteomyelitis of the radius. The infected 
bone was excised, a penicillin pack was in.sertcil into the defect, and an abdominal-skin pedicle was 
prepared on April 27, 1945. liiac-chii) grafts were introduced into the defect on May 11, 1945. The 
abdominal pedicle was swung, after the scar over the clorMim of the wrist had been completely 
excised, on June 12, 1945. The last stage of tire abtlomina! pedicle was comi)lcted on July 3, 1945, 
and the wound had healed comjjletely in ten day.s, terminating three months of mild purulent 
drainage. 

Fig. 11-A: Preoperative lipiodol studies in the anteroposterior and oblique views, made in April 
1945. 

Fig. 11-B: Postoperative roentgenograms taken on May 30, 1945. The iliac grafts are delineated 
b 3 ' arrows. 

Fig. 11-C: Postoperative roentgenograms taken on August 15, 1945. 

Fig. 11-D: Photograph of the donor and recipient sites in November 1945, prior to free tendon 
grafts to the extensor tendons of the fingers. 


erated by upward displacement of the femoral head. The wound was partially closed, and 
had healed by second intention within three weeks. Two subsequent flare-ups (with pain 
and fever, but no discharge) during the third and fifth weeks after operation were con- 
trolled with penicillin, which was finally discontinued seven weeks after operation. The 
patient has been ambulatory in an ischial weight-bearing brace for the past seven months, 
and has had no pain or drainage. 

The fourth patient (Case /1-9) had chronic osteomyelitis of the lateral condyle of the 
humerus, involving the left elbow joint, secondary to a compound fracture of the humeral 
condyles, caused by a perforating shell fragment. Alost of the joint had become walled off, 
and healing occurred within fifteen days after excision of the infected bone and soft tissue. 
Three months after operation, the patient had 40 degrees of painless active and passive 
motion from the right-angle position. 

OBLITER.A.TIXG THE DEFECT BV ILIAC GRAFT 

In a large group of cases (31 per cent, in this series), the defect cannot be obliterated 
by a muscle transplant. The anterior surface of the tibia, the radial' styloid, and the cal- 
caneus are covered only by integument, fascia, and ligamentous and tendinous structures, 
and muscle tissue is not available for a transplant. 
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Fig. 12-A Fig 12-B Fig. 12-C 

Case B-14. A shell fragment perloiated the patient’s riglit leg on October 11. 1944. causing a com- 
plete paralysis of the peroneal neive and a compound, comminuted fiacture of the tibial and fibular 
shafts, witn lesultant chronic osteomyelitis of the tibia and persistent punilent diamage Excision 
was performed on Match 2S, 1945. and a penicillin pack was inserted The defect wa.« filled with 
iliac chips on .Apiil IS, 1945. Sequestrectomy (a fragment of tibial cortex, not iliac giaft) was per- 
formed on August 15, 1945. The ttound had healed b.v second intention by October 30. 1945 

Fig. 12-A: Preoperative lipiodol stud.v, made on March 8, 1944. 

Fig. 12-B: Anteiopostenor and lateial loentgenogiams taken on May 10. 1945. three weeks after 
graft with iliac chips, show the sequestrum, delineated b.v arrows, and the appearance of the iliac 
bone filling the defect. 

Fig 12-C: Postoperatne loentgenograms taken on September 27, 1945. showing consolidation of 
iliac grafts. 

The tibial defects are usuall.v deep and, after e.xcision, present a rigid-walled cavity, 
which, by the usual methods, will take months to be filled. The problem was to find some 
method of filling these deep defects which would allow prompt healing. In sex-en patients 
(Cases 36, 37, 38, 39, 40, 41, and 42 of Group the area of destruction in the tibia was 
mostly in cortical bone or along the lateral or posterior surface. After excision, the super- 
ficial defect was obliterated by closure of the skin and subcutaneous tissues or muscle, 
depending upon the location of the osteomyelitic focus. There was prompt healing in all. 

In .June 1944, a large puinilent, chronic osteomyelitic focus in the upper tibial area 
was excised radically. The bone defect was filled loosely with gauze dressings, wrapped 
around a Dakin tube, through which penicillin solution could be instilled four times daily. 
On the eighth day the wound was inspected, and it appeared exceptionally clean ; the entire 
bony defect was thinly covered with healthy “vehmty-appearing” gi-anulations. If xfiable 
(and therefore infection-resistant) tissue could be placed in this defect, it seemed that the 
prospect of healing would be excellent. The utilization of a pedicle of subcutaneous fat 
had already proved impractical. To use a pedicle formed from adjacent leg muscles was 
not feasible, as too often this would cause permanent disability from loss of the physio- 
logical function of the sacrificed muscle. Since Abbott showed that a gi-aft of cancellous 
iliac bone is rapidly revascularized and becomes part of the surrounding bone in a com- 
paratively short interval, it was decided to tiw this type of gi-aft in filling such defects; 
meanwhile, systemic penicillin was used to ensure that infection would cau^e minimum 
interference with healing. If this procedure proved successful, considerable time would be 
saxed, since further bone-gi’aft operations would be unnecessary'. At first, large pieces of 
1 luin, including the iliac cortex, were used, but xvith indifferent success. In fact, in two of 
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the first three cases in which this was attempted, suppuration continued. Upon analysis of 
these two failures, it was noted that, when the grafts were disturbed, the cancellous portion 
would bleed (showing early revascularization), while the cortical portion of the graft 
showed definite suppui’ation. It was then decided to use only small cancellous iliac chips 
(approximately four centimeters long, one centimeter wide, and three millimeters thick), 
from which all cortical bone had been removed. Since this type of graft has been used, 
there has been no deep sequestration or formation of chronic sinus tracts. 

The procedure in this second group (Group B) is complete excision of all infected and 
avascular tissue, as in Group .*1. The bone defect is lightly filled with gauze dressings, 
wrapped around cither a Dakin tube or male cathetei’, which extends through the gauze 
dressing and cast. Through this, from two to four cubic centimeters of penicillin solution, 
containing 250 units per cubic centimeter, are instilled four times during the twenty-four 
hours; and 25,000 units arc administered intramuscularly every three hours. After from 
seven to ten days, deiKuiding upon the size of the defect, the wound is inspected; the defect 
has always been fi)und to be covered with a thin layer of healthy granulations. 

The patient is 0 ])eratcd upon the next day. The appi'opriatc iliac crest is prepared in 
the usual manner. Sufficient bone is removed in thin stri))s, and the cortex is discarded. 
The iliac wound is closed before the recipient site is e.xposcd, in order to prevent any cross 
contamination. The granulating defect is thoroughly and gently irrigated with from one 
to two liters of normal saline; and the surrounding skin is i)rcpared with ether, alcohol, 
and merthiolate, care being taken to get none in the recipient site. The grafts are then 
“shingled” or “bricked” into place so as to fill the defect (Fig. 10). The wound is closed, 
except for a small opening or vent directly over the grafts, which is maintained by a 
vaseline-gauze wick; and the part is immobilized in plaster. In this way the entire ex- 
tremity is placed at rest, the iliac grafts are immobilized, and provision is made for drain- 



Fig. 13-A Fig. 13-B 

Case B-13. Patient sustained a perforating gunshot wound of the left leg on September 22, 

1944, causing a compound, comminuted fracture of the mid-tibial shaft, with resultant chronic 
osteomyelitis. Excision was performed and a penicillin pack was inserted on May 4, 1945. Iliac 
chips were placed in the bone defect on May 25, 1945. The surgical wound healed on June 14, 

1945, and remained healed, except for serous drainage from a “skinned” area for one week in 
July 1945. 

Fig. 13-A : Preoperative roentgenograms taken on January 13, 1945. 

Fig. 13-B : Postoperative roentgenograms taken on September 26, 1945. 

THE JOURNAL OF BONE AND JOINT SURGERY 


THE TREATMENT OF CHRONIC OSTEOMYELITIS 


589 



Fig. 14-A 



Fig. 14-B 


Case B-19. Patient sustained a 
perforating shotgun wound at 
close range on December 25, 1944, 
with loss of the neck of the talus 
and the scaphoid tarsal, and con- 
siderable soft-tissue injurj'. De- 
bridement, with vaseline gauze 
m woimds and plaster-cast immo- 
bilization, was performed the day 
of injury. Secondarj' clo^ire was 
performed on the dorsal wound 
on February 2, 1945. Iliac chips 
were placed in the bone defect on 
February 27. A thin split-thick- 
ness skin graft was applied on 
Apnl 9 ; it healed in three weeks. 
The patient has been ambulatorj' 
for seven months, with a barely 
perceptible limp, but with occa- 
sional slight, recurrent serous 
drainage. The sinus was explored 
and found to be subcutaneous 
only (not entering the bone-graft 
area). There has been no drain- 
age since. 

Fig. 14-A: Pioentgenograms tak- 
en on December 25, 1944, the day 
of injury. 

Fig. 14-B: Roentgenograms of 
the appearance of a tarsal bone 



August 8, 1945 ; the iliac grafts, outlined with arrows, have taken on 


Fig. 14-C: Sketch of the injury. 

Fig. 14-D; Photograph of the foot in November 1945. 


age of exudate into the cast. Twenty-five thousand units of penicillin even- three hours is 
continued intramuscularlv for one or two weeks, depending upon the clinical course of the 
patient. 

Several methods of local postoperative care have been tried, but with the one men- 
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Fig. 15-B 


Ca^c B-2Q. Piitiont sustained a perforating gunshot 
wound of the right heel on August 28, 1944. causing a 
compound, comminuted fracture of the right cidca- 
ncus, with lesultant chronic osteomyelitis. Excision 
ami closuie were performed on January 30, 1945, but 
drainage jieisisted. Excision was performed and pem- 
cillin pack jdaced in the defect on March 9, 1945. Iliac 
chips weie placed in the defect on March 23, 1945. 
The wound had healed on Apiil 23, 1945, and the pa- 
tient has been doing light duty for four months (con- 
ciuded in October 1945) without complaint. Walking 
gait shows no limp, but a perceptible limp is present 
when running. 

Fig. 15-A: Prcopeiative lipiodol study made on De- 
cember 15, 1944. 

Fig. 15-B: Postoperative roentgenograms taken on 
May 14, 1945. 

Fig. 15-C: Photograph of the foot in November 
1945. 

tioned the wounds have uniformly appeared better. In two early cases, treated without 
plaster, it was felt that at least a part of the failure was due to pocketing of the exudate, 
which prevented the granulations from growing up, engulfing the grafts, and incorporating 
them solidly into the recipient site by organization. 

The first cast is changed in three weeks and the wound is inspected. In small defects 
(two centimeters in diameter) the area will be found to be ready for secondary closure. 
In one case (Figs. 11 -A to 11-D) an abdominal pedicle, previously prepared, was swung 
into position at this time, with complete and prompt healing. In larger defects the vaseline 
wick is reinserted and the part is placed in a cast for an additional three weeks, during 
which time the patient may be up in a wheel chair only. In most instances the wound has 
healed, at least sufficiently so that closure by simple plastic procedures may be accom- 
plished. Such procedures have included simple wound revision and secondary closure, with 
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Fig. 16 -A 


Fig. 16 -B 



Case B-16. A aliell fragment penetrated the patient a left 
leg on Februarj- 15, 1945, causing a compound, comminuted 
fracture of the left lower tibial shaft, with resultant chronic 
osteomyelitis. E\cision was performed and a jgrm t of iliac 
chips was applied to the defect on .\ugust 7. 194^5 The wound 
had healed bj’ second intention on September 15, 1945 

Fig. 16-.^: Pieoperative lipiodol study made on July 11, 

1945. 

Fig. 16-B; Postoperative roentgenograms taken on Oc- 
tober 10, 1945. 

Fig. 16-C; Photograph of the operative site in Xovember 
1945. (The patient is in a wheel chair becau-e of a fracture of 
the nght femur and palsj' of the peroneal nerve on the right 
side, sustained m the original injury.) 

relaxing incision when necessary, pinch grafts, or a 
pedicle graft. There are three criteria for timing sec- 
ondaiy or plastic closure; first, that no sinus tracts 
are present; second, that healthy granulations have 
covered all the graft and the recipient bone; and third, 
that the surrounding soft tissues are not oedeinatous 
or inflamed. If these criteria do not obtain, moist 
dressings of normal saline are applied every four 
hours for from two to four days, through a window in 
the cast. This usually suffices to prepare the area for 
the procedures mentioned. 

In three instances, complete closure over the gi-afts was done primarily, with an eccen- 
trically placed needle for introduction of the penicillin solution. Reaults in the=e cases '^cie 
good, but it was believed that the benefit was derived from the needle as a dram to relieve 
the wound of exudate, rather than from any beneficial results from local penicillin. In two 
cases {R-16 and R-17)— both defects of the tibial shaft— the excision and graft were 
accomplished at one operation. Healing occurred in both, although it was delayed by an 
estimated two to three weeks in each instance. 



Fig 16-C 
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Twenty cases ’• of chronic osteomyelitis have l)een treated by radical excision and a 
graft of iliac bone. Results were considered good wlien the wound liealed within nine or 
ten weeks, — usually by second intention or with the aid of skin grafts or plastic revision; 
and fair when complete healing occurred, which, however, took longer than ten weeks. 
Failure was classified as persistence of drainage after four months. The results were good 
in eight cases and fair in eight cases; failure occurred in four cases. Four of the patients 
rated as having fair results requirctl a single curettage of a persistent sinus, with serous 
drainage. These patients have been observed for an average of nearly five months since 
curettage, and no subsequent drainage or inflammation has occurred. One other case rated 
as a fair result required a sequestrectomy after the iliac-bone graft; healing was then 
prompt. The sequestrum had inadvertently been overlooked at the time of the first oper- 
ation, and was apparent in the roentgenograms taken after the iliac graft (Fig. 12-B). This 
is a reminder that the entire area should be explored thoroughly at the jiriinary operation, 
and that no overhanging ledges should be left. “Cup-like”, rather than “saucer-like”, 
defects have been the aim in excising the deep osteomyelitic foci. If a sinus persists for as 
long as two weeks after removal of the cast, surgical exploration is indicated. Of the five 
cases mentioned, prompt healing followed such treatment in all, and the results might have 
been classed as good if exploration had been done early. 

Evaluation of the results shows that the failures were either in cases which had large 
bone defects (approximately 4 to 4.5 centimeters in diameter) in the upper tibia, or in 
those in which a large defect in the skin and subcutaneous tissue near the ankle was pres- 
ent. Observation of the cases with bone defects in the tibia indicates that the revasculari- 


zation of the grafts is fast enough to overcome necrosis only if the diameter of the graft bed 
is not greater than 2.5 to 3.0 centimeters. In the future, if the diameter is greater than 
3.0 centimeters (the length being of little concern), the surface of the bone will be skived 
down so that the defect docs not form such a deep well (Fig. 10, A). The two instances 
rated as failures, in cases with large skin defects and subcutaneous defects in the lower 
tibia, show good results by roentgenogram, as far as the iliac-bone graft is concerned. 
Clinically, the wmund remains as a shallow granulating area with a mild serous exudate, 
and no sinuses are present. All that is needed for complete healing is a pedicle graft from 
the opposite calf, Avhich is now in the process of being prepared. In the future, in this type 
of case a pedicle graft will be made ready to swung at the end of from three to six weeks 
after the iliac graft has been accomplished, depending upon the appearance of the w^ound. 
This was done in one instance (Case R-1) . Whatever plastic repair of the skin is necessary 
should be completed within from six to seven weeks after the iliac graft. All of the grafts, 
and therefore the bone defect, wull be fully organized at that time. 

Recently, in two cases of chronic osteomyelitis of the femoral shaft, the deep defects 
w^ere filled wuth iliac-bone chips, in order to establish the relative merits of the twm methods 
of obliterating “dead” space in this area. If successful, subsequent bone-grafting wmuld 
be unnecessary and much time would be saved. In both instances, however, purulent drain- 
age continued and many of the grafts sequestrated, necessitating reoperation for muscle 
transplant after removal of all grafts. The cause of these two failures is obscure, since the 
same method has been successful in the tibial shaft; but, as a consequence, the use of iliac- 
bone chips in any defect that can otherwise be obliterated by muscle tissue is not advo- 
cated. These two cases are not included in the statistical analysis, since both w^ere for trial 
only in an area where muscle transplants had already proved successful. 

A method which yields only 40 per cent, of good results is subject to just criticism. It 
is now clear, however, that, of the four poor results, all were foredoomed to failure, and 
also that many of the cases in which the results were rated as fair could have been healed 


* The twenty-first case so treated (a defect of the tibial shaft) shows a slight serous drainage at the 
end of the sixth week after operation, and complete healing within the ensuing two weeks is anticipated. 
However, this case is not included in the statistical analysis. 
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in a shorter period of time. Witli the benefit of experience and improvement in technique, 
the percentage of good results sliould improve. Certainly with the present bacteriostatic 
drugs and the prosjiect of still more effective bacteriostatic, and possibly bactericidal, 
agents in the near future, the incidence of hematogenous osteomyelitis will be exceedingly 
small. With good surgical technique and such drugs, bone infection following elective sur- 
geiy and comiiound fractures should be negligible. However, in the few instances which 
will occur, radical surgical excision of all devitalized tissue and immediate grafts of can- 
cellous iliac bone should be effective in a high percentage of cases. 

SUMMARY 

1. The prompt and permanent healing of chronic pyogenic osteomyelitis is impera- 
tive, in order to prevent the many serious complications and sequelae and to permit early 
reconstructive surgerjq when necessarj'. 

2. With the present-day bacteriostatic drugs, more radical surgeiy can be accom- 
plished without danger to life or limb. 

3. Sixty-four separate foci of chronic osteomyelitis in sixty-one male patients, be- 
tween eighteen and thirty-seven years of age, have been treated during the past sixteen 
months. 

4. Early healing (within ten weeks) occurred in 78.1 per cent. Including the eight 
cases in the iliac-graft series, in which healing was delayed over the ten-week period, and 
the one case in which re-excision was necessitated by a secondary' sequestration, complete 
healing occurred in 93.7 per cent. 

5. The method used and advocated is founded upon the principle of complete exci- 
sion of an infected and avascular tissue, obliteration of the “dead” space, and wound 
closure. Wherever possible, obliterating the dead space with ^^able muscle has been the 
method of choice, since 97.7 per cent, of the wounds in this group healed promptly. Bone- 
grafting should be done later, if necessary, to reinforce any bone weakness. In the cal- 
caneus, the anterior surface of the tibia, and the radial styloid, obliterating the dead space 
with grafts of cancellous iliac bone has shown definite merit and has been time saving. 
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Al ETATA RSAI. F H ACT UR US 


BV E. J. .MOIUaSSEV, M.l)., BETHLEHEM, I'E.VXSVLVAXIA 
Froiii the Medical Deixtrlineitl, liethh hoii Steel Coaijxiiti/, Bethlehent 

Foot tnuumi, both in indiusLi’y and in the Armed Forces, is probably one of the most 
frequent contributors to the loss of vitally needed man-hours. To rehabilitate the injured 
man as rapidly as possible, without in an\' way jeopardizing his physical well-l)eing, pre- 
sents a major problem, the answer to which would seem to lie in a method of treatment 
which would minimize the period of disability and discomfort, yet produce the desired end 
result. Experience with the treatment of fractured metatarsals over a three-year period 
leads the author to believe that the type of treatment described herein has proved its value 
and efficacy in terms of the short period of disaiilement experienced and the excellent end 
results obtained. 


REVIEW OE CURUEXT .ME'CHODS OE THE.Vl’MEX'r 

Up to the present time, the acceiited treatment for fractured metatarsals has been 
rigid immobilization by means of a plaster cast, extending from the toes to the tibial 
tubercle, care being taken to mold the longitiulinal and transverse arches of the foot. In 
only a few instances has any other form of treatment lieen advocated. For example, 
Christopher recommends the Davis splint, which consists of a flexed wooden splint apiilied 
to the sole of the foot in an attempt to maintain the longitudinal and transverse arches. 
However, in the use of this splint, weight-bearing is not allowed for from four to six weeks. 
Gebhard suggests a Jones bar under the shoe, with weight-bearing in one week; and Berk- 
man uses the regulation army shoo as a splint, without orthopaedic modification. In the 
last two instances, however, the patient receives support only while actually wearing the 
shoe, and he is limited to the use of one particular shoe until the fracture has healed. Sirbu 
and Palmer, in their treatment of march fracture, use the metatarsal pad and strapping, 
plus a metatarsal bar; the period of non-weight-bearing is twenty-one days, during which 
time no work is performed. 


TREATMENT ESED IN CASES STUDIED 

The treatment used in this study was the application to the foot of a simple molded 
leather arch, with or without a metatarsal pad of sponge rubber. The leather arches were 
of a stock variety, and were applied to the foot by means of adhesive strapping. In the 
first half of the study a long anterior stirrup of adhesive strapping was used to immobilize 
the foot and ankle, and to hold the leather arch firmly to the foot. This strapping extended 
to the tibial tubercle, holding the foot in neutral position as regards eversion and inversion. 



Fig. 1-A Fig. 1-B Fig. 1-C 

Show leather arch applied to foot and held in position by adhesive strapping. 
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TABLE I 

Fincrijiu.'' of Mkt\t\ii^\ls i.n Sixtv-One Cases 


Xiimbei of 
Met.u.U'.d' 
ri.ittmcd 

Bones IiiA oh cd 

A’umbei 
of Ca'BB 

Total 

1 

Fii't niet.it.U'.il 

16 

9 

7 


1 

Secoiul inot.it.il '.il 


1 

Tlmd inotat.U'.d 


1 

1 

Fonith inot.it.ii'al 

Filth nii'tat.ii- il 

8 

42 

0 

2 

2 

o 

Fii't .ind -ocond inct.it.ii'.il-' 

Fii't .ind tlmd nK'tat.ii--.il-- 
Second .iiul tlmd mot.it.ii--.\l' 

Tlmd .md fouith inctat.U'.iK 

2 

1 

3 

3 

1 

1 


2 

Tlmd and fifth inot.it.u-aK 

11 

2 

Foiiith .md fifth inot.itai'aK 

3 

4 

Fii't, 'L'cond. and tlmd inotat.ii'.il' 

Fiist. 'ccond. tlmd. and fomth motatai'alB 

5 

1 


4 

Second, thud, fomth. and fiith nictatai-aJs 

1 

1 

8 

3 

Tlmd. fomth. .md fiftli nictatai'al' 


and in 90 degrees of dorsiflexion. The arch support was held firmly to the fore part of the 
foot by means of a strappings similar to that used for an anterior metataisa aici 

As the study progressed, it was found that the long stinup was not neces^aij , ant 
short strips of adhesive tape were used to approximate the leathei ai c i to t le oo 
strips did not extend above the malleoli, and thus allowed complete lange o mo ion o le 

ankle joint (Figs. 1-A, 1-B, and 1-C). , > , 

Before the adhesive strapping was applied, the leg and foot w ei e caie u j c eame an 

shaved, and three coats of tincture of benzoin were applied 

change the strapping about once a week for an average period o our w ee ^ " 

piocedure the skin withstood the strapping with very little difficulty, anc in on y one c ^ 
was any serious skin infection encountered At the end of about foui wee 'S le s lappi „ 
was removed, and the adhesive tape was trimmed away from the leather arch suppoi 
The same arch support was then used in the patient’s shoe for an additional period ot one 
month. ^^0 massage, baking, or physiotherapy was used after the removal of the stiapping 
. In the cases in which there was marked swelling, with or without abrasions and lacei - 
ations of the skin, the leather arch was held in place by means o an e as ic an a^jC, 
physiotherapy in the form of whirlpool treatment w as used until t le sw e mg la su . 
and the skin had resumed the texture which would permit adhesiAe stiappm^ o e app 
over tincture of benzoin Approximately 25 per cent of the ca&es were lea e in 
manner. 


TABLE II 

Resumptiox of Weicht-Bearixc After Injcrt 


Weight-Beaiing Begun 
Immediatelj' 

One to Sa e da 3 's after injurj' 
Six to ten dajs after injuiy 
0\er eleien dax^B after injuiy* 


Xumbei 
of Ca'C' 


35 

7 

6 

13 


Totals 


61 


57 4 
115 
9.S 
21.3 


100 0 


Pei Cent 


, Jrh^^^^ncludes caBes of boa eie^tuMon o7 the ^km. flare-up 'before “.ut'lve 

iitid fractuie* ^\lth maiked displacement An a\erage of fourteen da>^ 
unaided aa eight-beaung could be resumed. 
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TABLE III 

Intwival BirrwncN Injuuy and Rutuun to Rhoulau EMi*i,oYMnNT 


Time After lujuiy Number 

(Dai/s) of Cafcos 


0 7 
1 to 10 6 
11 to 20 G 
21 to 30 17 
31 to 40 14 
41 to 50 8 
51 to GO 3 


Total 61 


SELECTIOX OF CASES 

During, the period from April 1941 to Alurcli 1944, ninety-eiglit cases of metatarsal 
fracture were seen. Ninety of these cases were treated in the manner described. Of the 
ninety-eight cases, thirty-seven were not included in this study for the following reasons: 

1. Severity of the injury necessitated hospitalization in eleven cases. These included 
compound fractures and crushing injuries, which produced deep lacerations, with grossly 
contaminated wounds. 

2. Additional fractures of the tarsal bones, tibiae, and fibulae were present in three 
cases. 

3. The check at the end of six months revealed that twenty-three of these men were 
serving in the Armed Forces. This fact presupposes that they had satisfactory end results. 
Their absence from our physical and roentgenographic check-ups made it necessary to ex- 
clude this group. 

The remaining sixty-one cases were used in this study, and included all types of frac- 
ture, — from simple fractures without displacement to displaced fractures with only 50 per 
cent, apposition; many comminuted fractures were present. 



Fig. 2-A Pig 2-B 

J. K , aged forty-eight, received a comminuted fiacture of the shaft of the first metataisal of the 
left foot on May 21, 1941. He was released for special work the day of the injuiy; on June 20 he 
letmned to his regular work. The end results were AjEiF,; there were no complications. 

Fig. 2-A: Roentgenogiams taken on the day of injury. 

Fig. 2-B : Views of the foot taken on January 5, 1943. 
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Fig. 3-A Fig. 3-B 

On Februaiy 26, 1942, B. B., aged forty-nine, fractured the distal third of the third, fourth, and 
fifth metatarsals of his riglit foot, with marked hematoma. He was released for special work the 
same day, and returned to his regular work on April 14. The end results were A^E,Fj ; there were 
no complications. 

Fig. 3-A; Shows the appearance of the foot on February 26, 1942. 

Fig. 3-B: Roentgenograms taken on January 12, 1943. 


ETIOLOGY 

All of these fractures occurred as the result of direct trauma, such as a hea\’y object 
falling on the foot, or the foot being wedged in a moving machine. All the patients were 
men, from twenty to sixty-one years of age; and they were employed in varying types of 
jobs, including unskilled laborers, skilled mechanics, riggers, railroad brakemen, and office 
Workers. 



Fio. 4-A Fig. 4-B 

, T., aged twent 5 '-four, recei\'ed a transverse fractuie of the distal third of the first, second, and 

nurd metatarsals of his right foot on September 13, 1942. Three days later the patient was relca.^ed 
tor special work; he returned to his regular work on October 16. The end results were .A,E,F, ; 
niore were no complications. 

Fig. 4-A; Roentgenograms taken on September 16, 1942. 

Fig. 4-B : Showing end results. 
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FHACTUUE .SITE 

In the study of sixty-one cases, forty-two cases inv'olved the fracture of only one 
metatarsal, eleven iin-oh’cd two metatansals, and eight involved three or more metatarsals. 
Table I illustrates the metatarsals involved. 


WEI(iIIT-nE.VHIXf: 


Active weight-liearing was started immediately in more than one-half of the cases; 
in the remaining cases it was started within a comjiaratively short time after injury 
(Table II). 


HETEUX TO WOUIC 


All men were kept on the job, doing either their regular work or selected work. Of 
the sixty-one patients, none remained away from some type of work for more than four 
days after injury. Table III shows the interim between the time of injury and the return 
to regular work. In this interim [leriod, however, the men were not idle, Init were employed 
at a selected type of work which, in the author’s opinion, hastened their rehabilitation. 
The majority of men returned to regular work in less than forty days, and by the end of 
sixty days all had resumed their regular jobs. 

In an effort to determine what conditions were conducive to an early return to work, 
the following factors were reviewed in these cases: 

1. Type of injury to soft tissue (contusion, laceration, or maceration). 

2. Type of fracture (from simple transverse fracture of one metatarsal, with no dis- 
placement, to complicated comminuted fractures of many metatarsals; there were also two 
compound fractures) . 

3. Age of the individual in respect to the reparative healing power of the bone. 

4. Type of work performed (office work; skilled light work, as by an operator of a 
machine or lathe, or a craneman; arduous skilled work, such as by a repairman or rigger; 
and heary labor, such as that performed with a pick and shovel) . 



Fig. 5-A Fig. 5-B 

E. E., aged twenty-six, fiactiiied the base of the thiid and fourth metatarsals of his loft foot on 
January 3, 1942 (Fig. 5-A). He wms released for special work the same day, and returned to Ins 
regular employment on March 19. The final rating was A,E|F,. This man returned to his regular 
job wdth no loss of earnings and no symptoms. He was given a rating of A, because of w’idening at 
the base of the third metatarsal, as shown by loentgenogram on January 12, 1943 (Fig. 5-B). 
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Frc 6-C 



Fig 6-B 


On September 29, 1942, H. L., aged forty-six, sus- 
tained a comminuted fracture of the distal third of 
the first metatarsal of the right foot. He was re- 
leased for special work on the da 3 ' of mjuiy, and 
returned to his regular work on December 9, 1942, 
with no sj-mptoms The end results were AjE^Fj. 
The -As rating was given because of thickening and 
shortening of the shaft of the first metatarsal, and 
distortion of the metataisophalangeal joint. 

Fig 6-.A Roentgenograms taken September 29, 
1942 

Figs 6-B and 6-C Follow-up roentgenograms 
taken on Januaiy- 11, 1943 (Fig 6-B) and May 11, 
1944 (Fig 6-C) 


Immediate Return to Regular Work 

The seven patients wlio returned to work iininediately had only contusions of the soft 
tissues of the feet. Their fractures were simple, with verj^ little displacement, and in each 
case only one metatarsal was fractured. Their ages ranged from twentj^-seven to fifty-two 
years. Two were ofiice workers, two were engaged in light labor, and three in skilled labor. 

Ten Days or Less 

The six patients returning to work within ten days had mild damage to the soft parts. 
In tliree cases the fractures were simple; in the remaining three they were comminuted. 
In one of the cases of simple fracture, two metatarsals were involved. The ages varied 
from twenty-four to sixty-one years. In regard to occupation, two were engaged in heavy' 
manual labor, one in light work, and the remaining three in skilled heavy work. 

Eleven to Twenty Days 

Of the six patients who returned to work in from eleven to t\\ enty days, five had simple 
lactures involving one metatarsal, and the other patient had fractures involving two 
metatarsals. Two of the five single fractures were displaced. The soft tissue was in good 
condition in all cases. The patients’ ages varied from twenty-four to fifty-five years. Two 
"eie engaged in heavy' labor and four in skilled work. 
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Twenty-One to Thirty Days 

The fractures in this group of seveutecn cases varied from simple transverse fracture 
of one metatarsal (one case), two metatarsals (five cases), or three metatarsals (one case' 
to oblique fractures in six cases and comminuted fractures in four cases. Injuries to th 
soft parts varied from contusions (eight ca.ses) and moderately swollen ccchymotic fee 
(four cases) to severe damage (five cjises). All of the men'were engaged in skilled work 
except four who were emi)loyeil in heavy manual labor; their ages ranged from twenty-fou 
to fifty-five years, with an average of thirty-two years. 



Fig. 7-A Fig. 7-B 

L. D., aged tweuty-eiglil, sustained an oblique fracUu'e of the distal end of the fifth metatarsal 
of his left foot on Juno 24, 1943 (Fig. 7-A). Ho was released for special work two da 3 's later, and 
resumed his regular work on July 20, with no s.vmptoms. The end results were AjEiF,. The rating 
of A, was given because of widening of the shaft of the fifth metatarsal, as shown in Fig. 7-o 
(May 2, 1944). 



Fig. 8-A Fig. S-B 

L. B., aged thirtj’’-two, fractured the second metatarsal of his left foot on March 3, 1944 . He ic- 
turned to his regular work the same day. The final rating was AjEjF^. The rating of A,, was 
because 25 degiees of angulation was seen in the anteroposterior roentgenograms taken on June lo> 
1944 (Fig. 8-A) and May 15, 1946 (Fig. 8-B). 
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TABLE IV 

AND FuNCTION.M. Ev\LU.\TION OF 

Results in Sixty-One Pwients 

Rating 

Xumber of Ca.'cs 

Per Cent. 

A.E.F. 

57 

935 

.V,E.F, 

4 

6^ 

Total' 

61 

100 0 


Thirty-One to Forty Days 

Of the fourteen fractures in this group, seven were fractures of a single metatarsal. 
Five of these had the following complications: arthritis involving the pro.ximal joint, ankle 
sprain, impaction with 50 per cent, apposition, and a compound fracture. Six cases involved 
two metatarsals, and in the remaining case three metatarsals were involved. The soft parts 
were in good condition in two cases, si-x had mild involvement, and the remaining six had 
severe involvement. Four of the men were engaged in 1160%^ manual labor, nine in skilled 
labor, and one in light routine labor. Their ages varied from twenty to fifty-eight years. 

Forty-One to Fifty Days 

In all but one of the eight fractures in this gi’oup, either multiple metatarsals were 
involved or there were complicated fractures to a single metatarsal. The complications 
were arthritis, which flared up, and severe injuries to the soft parts. In four cases only one 
metatarsal was involved; two patients had involvement of two metatarsals, and two had 
involvement of three metatarsals. The soft parts W’ere in good condition in two cases; in 
two they were mildly impaired; and in the remaining four they were severely impaired. 
As in the prerious group, four patients did hea\y manual labor; the other four were skilled 
laborers. 

Fifty-One to Sixty Days 

The three fractures in this group were as follows: The’ first patient had impacted frac- 
tm-es of the necks of four metatarsals (the second, third, fourth, and fifth), with severe 
soft-tissue damage. The second patient had a fracture of the middle third of the second 
metatarsal, with severe soft-tissue damage. The third case ■was one of transverse fracture 
of the proximal third of the fifth metatarsal, with slight soft-tissue damage. 

From the foregoing data, the following deductions can be drawn: 

1. The age of the patient played no part in the individual’s early return to work. In 
the range from twenty to sixty-one years, there seemed to be no marked difference in 
rapidity or amount of bone repair. 

2. Except for two ofiice workers, the man’s occupation did not markedly affect his 
early return to work. 

3. Condition of the soft parts and multiplicity of the metatarsals involved had the 
most direct effect on prolongation of the length of time spent by an individual on selected 
work. 


FOLLOW-UP STUDY .VXD EXD RESULTS 

Follow-up roentgenogi’ams were taken six months after injurvx 

Final evaluation of the efficacy of this treatment, made from an anatomical, economic, 
and functional standpoint, showed excellent end results (Table IV) . The method of rating 
is that used by the staff of the Fracture Service of the Massachusetts General Hospital 

Rating in each case is based upon three factors, — the anatomical (A), the economic 
(E), and the functional (F). The numbers used after each letter range from four to zero, 
mchisive. Four denotes an end result of from 87.5 per cent, to 100 per cent.; three from 
62.0 per cent, to 87.5 per cent.; two from 37.5 per cent, to 62.5 per cent.; one from 12.5 per 
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cent, to 37.5 per cent.; and zei'o anjdhing below 12.5 per cent. The highest possible rating 
is thus AiEiF i. 

The anatomical result was determined by the alignment and apposition of the frag- 
ments, as revealed by roentgenogram.s; the functional result by examination of the range 
of motion in the articulations adjacent to the fracture, the muscle power, and freedom 
from pain, including symplcnnatology of the longitudinal and transverse arches; and the 
economic result by the patient’s earning power, — whether he was able to return to his 
former job or to earn as much as he had previously. 

.SL\\t.\IAHV 

It is felt that tlie ajiplication of this simple treatment accelerated the return of men 
to active work and reiluced to a minimum the days lost. Ibul the accepted plaster-of-Paris 
method of treatment been used in these cases, the average period of disability would have 
been six weeks, with a jirobable total loss of 2,772 man-days, as compared with the 132 
days lost in this series. In adtlition, the psychological effect of not having to wear a cast 
helped the injured man to justly minimize his injmy and encouraged him to use his injured 
foot more freely, thus maintaining good circulation and hastening bone repair. 
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ARTHROPLASTY OP THE TEMPOROMANDIBULAR JOINT IN CHILDREN 
WITH INTERPOSITION OF TANTALUWI FOIL 


A Preliminary Report 

By G. W. N. EGGERS, M.D., GALVESTON, TEXAS 

From the Department of Surgery, Orthopaedic Divhion, University of Texas 
School of Medicine, Galveston 

Ankylosis frequently recurs after arthroplasty of the temporomandibular joint in 
children, and this has always been disappointing. In performing the arthroplasty by the 
accepted methods, fascia has been the usual intervening material inserted to secure a false 



Fig 1-A Fig 1-B 

Fig I-A Xoimal left tempoiomandibular joint 

Fig 1-B Ankylosed right temporomandibular joint, before operation 



Fig 2-A Fig 2-B 

Fig 2-A Xoimal left temporomandibular joint 

Fig. 2-B flight tempoiomandibular joint, with tantalum foil in po-ition 
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Fig 5-A F c 5-B 

Result oTe month after operation 



Fig 6-A Fig 6-B 

Functional result, thirteen months after operation 


joint. The technique of arthroplasty of the mandible will not be considered in this discus- 
sion, but rather the prevention of recurrence of the ankylosis. 

A study of the recurrent case usually reveals bridges of bone from the mandible to 
the base of the skull, and, although the line of the false joint is evident, a firm union is 
sloi\ly being created. The osteogenetic activity which occurs m these children is unfnrtu- 
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natc. In many cases the fusion is so extensive, in proportion to the size of the mandible 
and the age of the child, that the surgeon has a real i)rohlein to cover the denuded bone 
surfaces, after the ankylosis has been relieved. Mandiljular ijressure on the joint is very 
great in children, and probably is a factor in destroying the intervening fascia. 

To overcome this fascial disappearance, it was decided to use a more lasting material, 
and tantalum was selected. The thin foil is cut considerably larger than the denuded bone 
surface, folded, and placed over the exposed bone surfaces. One piece is placed over the 
base of the skull and a second piece, similarly cut and folded, is placed over the mandibular 
portion, particularly down the medial sitle. Thus there are four layers of tantalum foil 
between the bone surfaces. It is a bit brittle and cracks, but satisfactory coverage can be 
secured and even small pieces can be packed in areas wlierc intervening material is de- 
sired. It cannot be fastened with sutures, but the mandibular pressure packs the tantalum 
foil firmly against the denuded bone and creates an area which discourages osteogenesis 
and the recurrence of ankylosis. 




CASE HEl’OHT 

C.L.C., a four-year-olcl white girl, wa.s fir.sl examined in Deeember 19M. The hi.story revealed that 
in 1940 the patient had had acute mastoiditis of the right .^ide, for which a radical mastoidectomy liad 
been performed. She had had a rather stormy comve, and about forty days after operation she began 
to have difficulty o])ening her mouth. This became so .severe that a local ])hysician gave the child a 
general anaesthetic and opened tlu' mouth forcibly. In a short time. howe\'er. she again could not 
open her mouth, and the right cheek became more prominent tluin th(' left. During the j)ast several years, 
the mouth had been opened forcibly about twenty times. .At the time of examination, the patient was 
unable to open her mouth. 

A roentgenographic .study di.sclo.scd exten.sive ankylo.sis of the right temjmromandibular joint (Fig. 
1-B). The left temporomandibular joint was normal (Fig. l-.A). 

On January 6, 1945, an arthroplasty of the right mandible was ijerformctl; tantalum foil was used 
as the inter\'ening material between the denuded bone ends (Figs. 2-B and 3). Four weeks later the 
function of the jaw wjis satisfactory (Figs. 5-.A and 5-B). 

Roentgenograms taken a year later show satisfactory excursion of the jiatient's mandible (Fig. 4). 
Photographs taken thirteen months after ojreration .show the functional result of the arthroplasty (Figs. 
6-A and 6-B). There was no o\'idonce of increasing rigidity of the mandible to indicate future restriction 
of motion. 



GUNSHOT WOUNDS OF THE MAJOR JOINTS 


BY CAPTAIN PAUL \V. CARNEY, CAPTAIN WILLIAM T. FITTS, JR., AND C.APTAIN CH.ARLE3 K. KIRBY' 

Medical Corps, Army of the United Stales 

Aaiong the most serious of all war injuries of the extremities are gunshot wounds of 
the major joints. Treatment of these injuries is usually difficult and the results are often 
disappointing. Disability of some degree — due to chronic arthritis, instability, fibrous or 
bony ankylosis, and associated nerve injuries — occurs in a high percentage. Septic ar- 
thritis, which is a frequent complication, often endangers life. 

Concerning the treatment of joint wounds, there is notable difference of opinion, prob- 
ably because the results following any method of treatment are so often discouraging. 
Fruchaud has stated that many French surgeons favor leaving the joint widely open at 
the primary operation, while the British usually prefer closure of the capsule whenever 
possible. During a visit to Russian hospitals, Watson-Jones found that the Russians have 
advocated early, complete excision of acutely infected knee and hip joints in preference 
to arthrotomy. Sir Anthony Bowlby, after a wide e.xperience with joint injuries, advised 
amputation for comminuted fractures of the femoral condyles with invoWement of the 
knee joint; this suggestion would probably be accepted by few American surgeons. 

During World War II, the authors have seen very few reports by American military 
surgeons of gunshot wounds of the joints. Experience with these injuries at a General 
Hospital in India during the North Burma Campaign has been reviewed. In caring for a 
large number of Chinese patients, whose treatment was necessarily carried to completion 
before discharge in most instances, it has been possible to observe all phases of treatment, 
including the late reconstnictive stages of arthroplasty and arthrodesis. 

ANALYSIS OF CASES 

This series comprises 134 wounds of the major joints in 133 patients. Table I gives 
their distribution. Wounds of the knee joint were the most frequent, constituting 57 per 
cent, of the total. The injuries were equally distributed as to the side of the body, with 
the exception of shoulder and hip wounds, in which the right shoulder and the left hip 
predominated. 

TABLE I 

Di.stribction of 134 Injuries of M.uob Joints 


Per Cent. 

Joint Right Left Total of Total 


Hip 3 8 11 8.2 

Knee 38 39 77 575 

Ankle 6 7 13 9.7 

Shoulder 10 2 12 8.9 

Elbow 10 11 21 15.7 


Totals 67 67 134 100.0 


Eighty-six per cent, of the wounds were in Chinese soldiers, and 14 per cent, in 
American soldiers. Since almost all of the Chinese patients were kept in this Hospital 
during the entire course of treatment, the final results are known in most instances. Several 
American patients were evacuated to the Zone of the Interior before the outcome could be 
ascertained. 

The North Burma Campaign has been called a “small-arms” war. Almost half of the 
wounds were caused by bullets of twenty-five caliber, and the remainder by shell frag- 
ments,— usually mortar. Undoubtedly the wounds were less severe than those in theaters 

NO. 
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TAIUvlO II 


St;^^^r.M{V oi-’ Di;FiNmvi: Tiii:ATMi;NT 


TveatmonL 

Hip 

IvJiee 

Ankle 

Shoulder 

Elbow 

Total 

Per Cent 
of Total 


IiH ntobilizalion 





Plaster 

.... t) 

71 

13 

12 

21 

126 

94.0 

Traction 

2 

0 

0 

0 

0 

8 

6.0 


Load iM cdiailion 





Sulfanilamide 

.... All 

All 

Ail 

Ail 

Ail 

134 

100.0 

Chlovazene 

. . , . 5 

12 

1 

I 

1 

20 

15.0 

Penicillin 

. . . . 5 

5 

1 

1 

1 

13 

9.7 


General Afediailion 





Sulfonamides 

... All 

All 

All 

All 

All 

134 

100.0 

Penicillin 

... 7 

11 

1 

1 

4 

24 

IS.O 

Transfusions of whole blood .... 

... 10 

19 

2 

0 

2 

33 

24.6 

Plasma transfusions 

... 4 

1 

0 

0 

1 

6 

4.5 


0 pera li ve P raced a rc.s 





Secondary debridement 

... 0 

2 

2 

0 

2 

6 

4.0 

Removal of foreign bodies 

0 

10 

I 

1 

2 

16 

12.0 

Aspiration 

... 0 

15 

0 

0 

0 

15 

112 

Incision and drainage 

... 9 

20 

4 

2 

0 

37 

27.6 

Amputation 

... 0 

1 

0 

0 

0 

I 

0.7 

Early joint resection 

... 0 

3 

0 

0 

0 

3 

2.2 

Manipulation under anaesthesia 

... 1 

3 

0 

2 

2 

8 

5.9 

Late operative fusion 

... 0 

5 

0 

4 

3 

12 

S.9 

Arthroplastj'’ 

... 1 

0 

0 

0 

0 

1 

0.7 


of operation wiiere more destructive missiles prevailed. Fifty-four per cent, of the wounds 
were penetrating and 46 per cent, were perforating. 

Fracture of adjacent bone complicated the joint wound in 75 per cent, of the cases. In 
the remaining 25 per cent, (twenty-seven wounds of the knee and seven of the elbow), 
there was no associated fracture. 

In fourteen instances (10.4 per cent.) there was an associated nerve injury, with the 
following distribution: 


Shoulder 

Axillary nerve 1 

Elbow 

Radial nerve 3 

Ulnar nerve 3 

Median nerve 1 

Hip 

Sciatic nerve 4 

Knee 

Peroneal nerve 2 


Debridement was carried out in portable surgical hospitals in 96 per cent, of the 
patients. The adequacy of the debridement varied considerably. In approximately one 
third there was a record of closure of the capsule; in many the capsule could not be closed 
because of the extent of the wound. Following debridement, sulfanilamide was applied 
locally to every wound. In only one instance was the skin closed primarily; in the re- 
mainder the wound superficial to the capsule was held open with vaseline gauze. Prophy- 
lactic sulfonamide therapy was begun orally soon after injury, for penicillin was not avail- 
able at any time during this Campaign in the forward installations. Circular plaster was 
used to immobilize the joint during evacuation in almost every instance. 

The average interval before admission to this Hospital after being wounded j.fnllowmg 
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TABLE III 

Complications Oiiskhvkd in 90 of the 134 Joint Wounds 


Per Cent, of 

Complii'iUion Ilip Knee Ankle Shoulder Elbow Total Total Wounds 


Septic arthritis 9 20 7 4 5 45 33.6 

Osteomyelitis S 11 5 4 1 29 21.6 

Soft-tissue absces.s 2 4 0 0 0 6 4 j 

Anaerobic cellulitis 0 2 0 0 2 4 3.0 

Septicaemia 0 1 0 0 0 1 0.7 

Secondarj- hemorrhage 1 0 0 0 0 1 0.7 

Thrombophlebitis 2 0 0 0 0 2 lA 

Volkinann’s contracture 0 0 0 0 1 1 0.7 

Sudeek's atrophy 0 0 1 0 0 1 0.7 


Totals 22 3S 13 S 9 90 67.0 


a litter haul of varying distances and evacuation by air for more than 100 miles) was six 
days, although half of the patients were admitted within the first two days. 

Treatment at this Hospital is summarized in Table II. The “closed-plaster” tech- 
nique was used for the definitive treatment of more than 90 per cent, of the wounds. Con- 
tinuous traction (balanced skeletal traction-suspension, with a Kirschner wire for trans- 
fixion) was used in only eight instances; two wounds of the hip and six of the knee. In all 
instances in Avhich ti-action was used, there was an associated fracture, and traction was 
used primarily for treatment of the fracture. 

Local and oral sulfonamides were used prophylactically in all patients. Penicillin was 
available only during the latter part of the Campaign, and then in very limited amounts. 
Of the twenty-four patients who received penicillin, it was used prophylactically in only 
two. Several chronically infected joints containing considerable necrotic material were 
irrigated at frequent intervals with a 1 per cent, solution of chlorazene. Anaemia and 
hypoproteinaemia were corrected as early as possible by transfusions of whole blood and 
plasma and by dietary measures. 

An inadequate primary operation necessitated the secondary debridement of six 
wounds. Foreign bodies were present in sixteen joints on admission, and were removed as 
soon as practicable. Septic arthritis required incision and drainage in thirty-seven 
patients. There was only one amputation; this was performed because of gas gangrene 
following an injury to the knee joint. Three chronically infected knee joints were resected. 

Complications and their incidence are shown in Table III; they ocemrred in ninety of 
the 134 joint wounds. Septic arthritis was the most frequent (33.6 per cent.) and the most 
serious complication. Osteomyelitis was two thirds as frequent, occurring in 21.6 per cent, 
of all the wounds (27 per cent, of the cases associated with a fracture). In one patient 
septicaemia developed, in spite of the prophylactic use of sulfonamides and penicillin. In 
this case the causative organism. Bacillus pyocyaneus, was resistant to sulfonamides and 
penicillin. 

Anaerobic cellulitis without gangrene deu-eloped in four Avounds, and was controlled 
by prompt surgery. There was only one instance of gas gangrene, and this necessitated 
amputation. The Volkmann’s contracture was due to ischaemia, caused bj' constriction at 
the elbow by a tight, unsplit, unpadded plaster cast, used during evacuation. 

There were three deaths in the series, — a mortality of 2.3 per cent. One was due to 
pulmonary embolism following incision and drainage of a hip joint for septic arthritis; an 
associated peritonitis caused the second; and the third was due to Bacillus pyocyaneus 
septicaemia, following a knee-joint wound with no associated injuries. 

At present, 118 joints have been observed for a sufficiently long period to permit classi- 
fication of the results, as shown in Table IV. In all likelihood, several of the joints with 
motion of less than 50 per cent, of normal at present will show further gradual improve- 
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raent, and may in time regain nearly normal function. Also, in some of the joints which 
now’’ have fibrous ankylosis, bony ankylosis will eventually develop. 

Pin .MARY TRKAT.MKNT 

Because of the vulnerability to infection of the synovial membrane and the articular 
cartilage, and the inevitable progressive damage caused by retained foreign bodies and 
unattached bone fragments, a thorough and painstaking primary debridement of joint 
wounds is imperative for good results. Emphasis must be placed primarily on the preven- 
tion of infection, for once infection has become established in a joint, its treatment is 
extremely difficult. If an early operation has not been possible, a delay of from one to 
several days is not a contra-indication to debridement, even in the presence of infection. 
In such instances the authors have been impressed with the value of excising devitalized 
tissue and removing foreign bodies in improving the chances for a good result. 

If there is any doubt about the adequacy of the debridement or the removal of all 
foreign bodies, the capsule should not be closed. Suture of the cajisule in the presence of 
devitalized tissue or foreign bodies may prove di.sastrous. If a thorough debridement is 
assured, closure of the capsule is advisable and is of value in the prevention of infection. 
In this series it has not seemed valid to compare the incidence of infection in joints with 
and without closure of the capsule, because in most instances in which the capsule was not 
sutured, the extent of the wound precluded closure. Such wounds were the most severe, 
with extensive damage to soft tissue and bone, and thus more likely to become infected. 
If the capsule cannot be closed, the joint should be carefuly protected from further infec- 
tion by an occlusive dressing. Under no circumstances should gauze, rubber dam, rubber 
tubes, or other drainage material bo placed within the joint cavit)". 

Since local and oral sulfonamides were used in the treatment of all of these wounds, 
it is difficult to appraise their value in the prevention of infection. It seems likely, however, 
that they have been responsible for the irrevcntion of spreading infection and septicaemia 
in many instances. In the one case of soi)ticacmia in our series, the causative organism, 
Bacillus pyocyaiieus, was sulfonamide-resistant. Since penicillin has been shown to be 
active in the presence of blood, pus, and tissue autolysates, it should prove to be of much 
greater value than the sulfonamides in the treatment of joint injuries. Local and general 
penicillin therapy should be instituted as soon as possible after the patient has been 
wounded. 


TABLE IV 

Functional Results in IIS Joint Wounds 



Hip 

Knee 

Ankle j 

Shoulder 

Elbow 

Total 

Per Cent 
of Total 

Result 

(iVo.) 

(Per 

cent.) 

(No.) 

(Per 

cent.) 

(No.) 

(Per 

cent.) 

(No.) 

(Per 

cent.) 

(No.) 

(Per 

cent.) 

More than 

50 per cent, 
motion 

1 

16.6 

45 

62.5 

2 

18.1 

2 

18.1 

1 

8 

44.4 

58 

49.2 

Less than 

50 per cent, 
motion 

1 

1 

1 

0 

0 

10 

13.9 

1 

3 

27.3 

6 

54.7 

1 

4 

22.2 

23 

19.5 

Fibrous 

ankvlosis 

■ 

0 

0 

1 

8 

11.1 

1 

3 

27.3 

2 ' 

1 

1 

18.1 

3 

16.7 

16 

13.5 

IBony 
• ankylosis 

5 

1 

83.4 

9 

1 

12.5 

1 

3 

27.3 ! 

1 

1 

9.1 

3 

16.7 

21 

17.8 

Totals 

6 

100.0 

72 

100.0 

11 

100.0 

11 

100.0 

18 

100.0 

118 

100.0 
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TREATMENT AT FIXED INSTALLATIONS 


k. General Treatment 

Almost all of these wounds were treated by the closed-plaster technique, which al- 
lowed the wound to heal by second intention. In more recent injuries, not included in this 
series, clean joint wounds have been closed between the fourth and tenth day after injury, 
IS suggested by Churchill. It is especially important that joint surfaces be covered as soon 
IS possible, by the apiiosition of overlying soft tissue. ^Yhen there has been considerable 
loss of skin, the wounds should be dressed early with split-skin grafts. 

The involved joints should almost always be immobilized in the position of election 
tor fusion, unless treatment of an associated fracture requires another position. Even then, 
if infection is present, the position of election should be used in order to avoid ankylosis at 
an unfavorable angle. 

The early use of massive transfusions of whole blood has appeared to be of value in 
the prevention of joint infection. Once septic arthritis and anaemia coexist, the amount of 
blood necessary to restore the hemoglobin to normal is multiplied many times. 

Internal skeletal fixation of a compound battle fracture is hazardous and almost al- 
ways unnecessary. It is so important in the joints of the lower extremities to restore the 
normal weight-bearing alignment and to assure a normal axis of rotation, however, that 
fixation of large displaced articular fragments with bolts, screws, or pins seems justified, 
if closed methods are not successful. Systemic chemotherapy increases the safety of this 
procedure. 

B. Septic Arthritis 

If there are any symptoms or signs of infection on admission to a fixed installation, 
the wound must be inspected without delay. Drainage of an infected joint at the earliest 
possible moment is essential, if the joint is to be salvaged. Aspiration and irrigation with 
penicillin solution may eradicate infection in a small number of early cases, but it is dan- 
gerous to delay incision and drainage unless the signs of infection clear rapidly. Drainage 
must be radical, for experience has taught that infection can be eliminated only if drain- 
age incisions are adequate to provide exposure of all recesses of the joint and to permit 
dependent drainage. If drainage has not been thorough, additional pockets of pus are 
almost certain to form and a septic course ensues, with eventual joint destruction. 

The clinical picture of a patient with chronic septic arthritis is impressive. This was 
especially notable in the Chinese. In walking through the Chinese orthopaedic wards, one 
could usually tell at a glance the patients with joint infection by their “septic-arthritis 
facies”. The emaciation, the drawn and waxen face, the unusual listlessness, and the ap- 
prehension were in striking contrast to the usual healthy appearance of the fracture 
patient. The temperature chart was characteristic, — septic in type, with a normal morning 
level and an afternoon or evening rise to from 102 to 104 degrees. 

Penicillin was available for use in half of the cases of septic arthritis. Systemic 
penicillin therapy almost always improved the general condition of the patient, but the 
results of the local application of this drug to chronically infected joints were disappoint- 
ing. Emphasis must be placed on the early institution of adequate drainage. Chemo- 
therapy is only an adjunct to thorough surgerjL 

Foreign bodies which have perforated a joint and have lodged in adjacent bone present 
a difficult problem. If they are allowed to remain, bacteria are continuallj’- fed into the 
joint through the sinus tract, and a chronic septic arthritis results. These foreign bodies 
should always be removed, unless such an operation necessitates the destruction of con- 
siderable bone or cartilage. 

Coincident joint involvement significantly increases the likelihood of osteomyelitis 
in a compomul fracture. Twenty-seven per cent, of the patients with compound fractures 
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in this series developed hone infection, — ii imndi liij^her incidence of osteomyelitis than 
occurred during this Cmnpnign in compound fnicfures not ussocintcfl with joint involve- 
ment. 

Although many of the Hus.^ians " advocate re.^ection of the joints in all early cases of 
septic arthritis and others advise early resection if there is tin associated fracture, the 
.authors believe that, it early and ade(|uate drainage is estahlished and chemotherapy is 
employed, many joints will he .saved and excellent functional results obtained, even if a 
fracture is present. This was our experience witli several septic knee joints in which inci- 
sion and drainage were done early. In late cases, however, when infection has become 
chronic and there is evidence of joint destruction, resection of the joint is the procedure 
of choice. The use of systematic chemotherapy following this procedure is essential to 
prevent spreading infection and septicaemia. 


C. Nerve Injuries 

The infrequency of nerve injuries in this series was surprising, in comparison with 
other reports. Irwin and Bailey *, for example, found associated nerve injuries in 95 per 
cent, of wounds of the shoulder joint, while there was nerve paralysis in only one out of 
twelve shoulder wounds in this series. The high percentage of small missiles, with less 
destructive wounds, may account for this. 

An associated nerve injury often jiroduces greater disability than the joint wound. 
It is now generally agreed that severed nerves should be repaired within the first few 
weeks after injury, if optimum regeneration is to be olAained. The surgeon responsible 
for treating the joint wound must cooperate with the neurosurgeon in accomplishing this. 
If nerve regeneration docs not occur, the involved joints may be fused in the position of 
election, or tendon transplantations may be performed. 

D. Mobilization 

The optimum time for starting motion of an injured joint has always been a point of 
contention among surgeons. In many instances, the immobilization required for an asso- 
ciated fracture greatly lengthens the time required for the joint alone. It has been the 
practice of the authors to shorten the usual period of immobilization of a fracture, if a 
contiguous joint has been injured. Motion must never be started, however, until there is 
clinical evidence of union. In clean joint wounds not associated with a fracture, immobili- 
zation was continued for about two weeks after the temperature had become normal- 
Physical therapy was then begun. If motion caused a return of fever, the joint was again 
immobilized. In infected joints, immobilization was continued for three weeks after all 
signs of infection had cleared. 

Continued, regular, painstaking, active motion was found to be the most helpful meas- 
'ure in improving joint function. Passive motion should never be carried beyond the point 
of pain. Manipulation under anaesthesia was disappointing in the eight instances in which 
it was tried; a painful joint with diminishing function was the usual result. The authors 
believe that forceful manipulation should never be employed in these injuries. 

Wedge plasters, however, were productive of more beneficial results, especially in the 
Chinese patients, many of whom refused to practise active exercises. A circular plaster was 
applied, with strips of flannel incorporated on the lateral aspects of the joint for hinges; an 
elliptical segment of plaster was removed from the side toward which it was desired that 
the distal limb of the joint be moved; and, on the opposite side, the plaster was split 
through one-third of its circumference so that increasing numbers of wooden blocks coulc 
be inserted daily, after the joint had been moved through its entire range of motion severa 
times. This method has been used by Kirk for the correction of flexion deformities of the 
knees, following leg amputations. 
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I’UOBLEMS RELATED TO SPECIFIC JOINTS 

Flip 

Wouiuls of the hip :u'e undoulitedly the most serious of all joint injuries, and the most 
disappointing to treat. In the eleven hip wounds in this series there were two deaths; septic 
arthritis developed in all; bony ankylosis occurred in five; and more than 50 per cent, of 
normal motion resulted in only one. Three patients fall Chinese) are still in the Hospital, 
more than a year after injury, riuch poor results are obtained because fit the joint is deep 
lying and difficult to e.xpose, which often prevents thorough debridement and makes ade- 
quate incision and drainage most difficult, once infection has been established: (2) the pre- 
carious blood supply to the head of the femur is often destroyed bA- the injuiy, which leads 
to necrosis; and (3) the incidence of associated intra-abdominal injuries and injuries to 
the sciatic nerve is high. 

The authors believe, however, that even these results are better than would haA'e been 
obtained if early resection or disarticulation had been done in all instances, as is adAnsed 
by iMolodaya. Had earlier and more extensh’e drainage incisions been used in this series, 
preferably through the posterior approach recommended by Ober, the results might haA'e 
been better. In scA'eral of our cases, incision and drainage were done only after irreA-ersible 
damage had occurred. Once infection has become chronic and destruction of the joint has 
begun, the joint should be resected and the head and neck of the femur remoA-ed. Girdle- 
stone has described a techniciue for this. Taa'o incisions are used: One is behind and below 
the anterior superior spine, and through it the gluteal muscles are dmded; and the second 
is at the base of the gi-eater trochanter. The trochanter and its attached tissue are removed 
en masse so that the glutei are included. The hip joint and head and neck of the femur are 
then excised. The hip should be immobilized in the position of election for fusion: 15 de- 
grees of flexion, slight abduction, and the neutral position of rotation. 

When continued suppuration occurs in a hip joint and there is extensh-e osteomyelitis 
of the pro.ximal part of the femur, Harmon and Adams believe that disarticulation may be 
adATsable. If this is indicated, one must not delay operation until the patient’s poor gen- 
eral condition makes the operation e.xcessiA’-ely hazardous. 

ilany orthopaedic surgeons " adAUSe continuous traction for the treatment of septic 
arthritis of the hip in chdlian practice. Acceleration of cartilage destruction bj^ pressure 
of contiguous joint surfaces, which occurs when plaster immobilization is used, maj* be 
eliminated, it is thought, by traction. These cases, of course, are rarely due to gunshot 
wounds, and do not have extensive bone and soft-tissue damage. Although traction was 
used in only one of our patients, it seems likely that this is the preferable method. Only a 
moderate amount of traction should be used, because of the danger of dislocation. In addi- 
tion, care must be taken to preA'ent deformities of adduction and external rotation, wlj^i 
are prone to occur. This can be done by keeping the thigh adducted at all times. a. 

Knee 

Wounds of the knee joint were by far the most frequent in this series, and in this group 
there was the highest percentage of good results. The joints were immobilized in a position 
of from 5 to 10 degrees of flexion by a circular plaster from groin to ankle. If there is an 
associated fracture of the femoral condyles, a single hip spica should be used. Quadidceps 
exercises must be begun early. 

If septic arthritis deA'elops, earlj’ and radical drainage must be instituted. Long para- 
patellar incisions, which expose both sides of the quadriceps pouch, are necessai-A'. The 
patient should spend a part of each day in the prone position to facilitate anterior drainage. 
When the posterior compartment is inA'olved, posterior arthrotomy is necessarA*. If the 
infection becomes chronic and joint destruction has begun, resection of the joint eliminates 
infection, causes earlier fusion, and shortens conA'alescence. This was done in tliree of our 
patients, AA'ith excellent results in all instances. 

When an infected knee joint is associated witli a fracture of the femur, a position of 
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moderate flexion (routinely employed fur femoral fractures troiited by traction methods) 
must be avoided in order to prevent a persistent flexion deformity. Immobilization must 
be in a position of from 5 to 10 degrees of flexion. 

Injury of the patella did not appear to predispose to a poor result in these cases. Of the 
ten wounds of the knee joint in which the patella was involved, a good functional result 
was obtained in all. The quadriceps tendon had not been divided in any, and suture was 
not necessary. The patella was removed in three instances and, following suture of the quad- 
riceps tendon, a good functional result was obtained in two and a fair result in the third. 


Ankle 

Although in only two of the eleven wounds of the ankle joint was more than 50 per 
cent, of normal motion regained, disability from this injury was not great. Infection was 
less difficult to control than in wounds of the hip and knee, and did not produce such a 
severe toxic reaction. When the joint was ankylosed in 5 degrees of plantar fle.xion and in 
the mid-position of pronation-supination, a surprisingly good functional result was 
obtained. 


Shoulder 

All wounds of the shoulder joint should be immobilized in a plaster spica, with the 
arm abducted 40 degrees and a little anterior to the plane of the body. Fusion in this posi- 
tion gives a fair functional result with the aid of scapular motion, and is preferable to a 
painful shoulder wdth some motion. 

Elbow 

Next to w^ounds of the knee, elbow wounds showed the best functional results. Half of 
the patients have obtained more than 50 per cent, of normal motion at this time. Infection 
is easily controlled, as a rule. Because of the superficial location of the joint, drainage is 
not difficult and sequestra are easily removed. 

Forceful manipulation is especially harmful in elbow injuries. Continued active exer- 
cise is the most useful method of improving function, which may gradually increase over a 
period of years. 

The optimum position for ankylosis depends largely upon the occupation of the 
patient. In the Chinese soldier, the ability to feed himself was probably most important, 
and the elbow'^ was fused in a position of hyperflexion, with the forearm in slight supination. 
In this position, the palmar surface of the hand is most easily brought to the mouth. 

Buxton advises immobilization of suppurating elbow joints at a right angle, wdth the 
forearm in full supination ; he maintains that in this position suppuration does not tend to 
spread along fascial or intermuscular planes. If ankylosis occurs, how^eA^er, this position 
may not be optimum for the patient. It seems preferable to immobilize all suppurating 
joints in the position of election for fusion. 


MORTALITY 

Twm of the three deaths were probably not preventable. One occurred in an American 
soldier, struck by a twenty-five caliber bullet, wdiich perforated the left hip joint and rec- 
tum and emerged posterior to the sacrum. A laparotomy w'^as done at a forward hospital, 
with negative findings. The patient arrived at this Hospital twenty-four hours after in- 
jury in desperate condition, with signs of overwhelming peritonitis, which caused his death. 
The other death was due to a pulmonary embolus, following incision and drainage of an 
infected hip joint on the eighteenth day after injury. The wmund had not been debrided 
until four days after injury and the patient, a Chinese soldier, was admitted to this Hos- 
pital Avith severe septic arthritis. 

The third death occurred in a Chinese soldier, Avho received a perforating bullet 
Avound of the left knee tAventy-four hours before admission. The wound had been debrided 
within three hours after injury, and appeared clean on admission. There w^ere incomplete 
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fractures of the distal end of the femur and proximal end of the tibia, but no foreign bodies 
were present. Beeause of a septic condition and fever, he was given oral sulfadiazine and 
intramuscular penicillin; but incision and drainage were not done for seven days. This 
operation was not extensive enough, and the development of additional pockets of pus 
necessitated further incisions. Repeated blood cultures recovered Bacillus pyocyaneus. 
The septic condition continued, and the patient died on the twenty-eighth day after injuiy. 
Earlier and more thorough operation should undoubtedly have been done. When the infec- 
tion did not respond to these measures, amputation might have been life saiung. Had the 
causative organism, Bacillus pyocyaneus, not been resistant to the sulfonamides and peni- 
cillin. the infection could probably have been controlled. 

RESULTS 

The end results of joint injuries cannot be evaluated accurately unless the patient can 
be followed for several years. The remarkable improvement in several of the Chinese 
patients, examined at a rehabilitation camp about a year after injuiy, was veiy enlighten- 
ing. The delayed improvement shown by these patients, and the relatively high percentage 
of good results in wounds of the knee and elbow obtained before discharge from this Hos- 
pital, lead to the belief that early amputation or early joint resection is rarely, if ever, 
justifiable. 

CONCLUSIONS 

1. One hundred thirty-four gunshot wounds of the major joints, treated dui'ing the 
North Burma Campaign, have been analyzed. 

2. Disability of some degree — due to chronic arthritis, fibrous or bony ankylosis, and 
associated nerve injury^ — is relatively common. 

3. The most important measure in the treatment of these injuries is earl}' and thor- 
ough debridement. Closure of the capsule, after a thorough debridement, is probably help- 
ful in preventing infection of the joint. If there is any doubt about the adequacy of the 
debridement or removal of all foreign bodies, the capsule should not be closed. 

4. Septic arthritis, which occurred in one-third of these patients, is a serious compli- 
cation. Early arthrotomy, with radical incisions to provide adequate drainage, will salvage 
many joints and is preferable to early resection, 

5. Chronically infected joints, in which fusion is ineHtable, should usually be resected. 

6. Amputation for septic arthritis is rarely justified, but may at times be life saHng. 
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BY LIICUTBNANT COLON'KI. .tl lBAX K. .IAC;OBS AN'l) CAl’TAIX IIAUOBI) U. KKHXODLE 
Mctlicdl Arniii of lln' Ciittiil 

Tlio I’ehUivc'ly high incidonco (if fracture (if the head (if the radiu.s, seen hy the authors 
in the court^e of ton nuintiis, seems worthy of note. All fractures were the result of so-called 
minor accidents (falls from bicycles, ladders, or wings of planes, or simple falls during the 
black-out) sustained on various Ai’iny Air Corps bases in the vicinity. This fact has 
facilitated excellent follow-up studies. 


ixcmE.vcio 

In a ten-month period the authors have treated forty-two simple, acute fractures of 
the head of the radius, [n this same period they have recorded ten simple^racturos of the 
neck of the radius, tliree Colies’s fractures and two .'Smith’s fractures of the distal end of 
the radius, and 100 simple fractuivs of the carpal scaphoid. Xo complicated ctises, such as 
those associated with dishication of the elbow nr Monteggia’s type of fracture, are included 
in this scries. 


A.VATO.MV 

Grossly, the head of the radius presents a type of bony structure similar to that seen 
in the patella, with the columnar type of dense cancellous lione running longitudinally. 
This explains the jilane of the fracture, which is always longitudinal. Tlie absence of 
periosteum about the head has been noted. The ‘‘ligamentum capituli radii” (as we have 
chosen to call the posterolateral continuation of the attachment of the quadrate ligament 
which is covered by a distinct fold of synovial memlirane) is shown in the inset to Figure 1; 
and because at its base it envelops over a third of the circumference of the neck, it can be 
used at the time of operation (sec section on Surgical Technique) . The relationship of the 
annular ligament and the deep branch of the radial nerve is also shown. 

The articulation of the head of the radius with the capitulum of the humerus is such 



Fig. 1 


Lateral view of the partially dissected right elbow joint, showing relationship of the radia In 
to the annular ligament. Inset shows the ligamentum capiUih radii as a continuation of the (tua 
iio-ament (from a dissected specimen, Cambndge University Medical School, (^ambnd^e, Eng 
Note relationship of bicipital tubercle to the fracture, with the forearm pronated. 
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that this joint acts primarily as a stabilizer at the elbow joint for abduction strains (pres- 
sure applied upward through the hand on the valgus elbow, with the carrying angle varj'ing 
from 5 to 20 degreesl . The head moves across the capitulum during flexion and extension 
of the elbow, but the actual rotation of the forearm on the ulna through approximately 
120 to 160 degrees, by means of the articulation with the radial notch, demands approxi- 
mately exact anatomical reposition of the fragments of the head in order to retain full 
su])ination and jironation. 


TYRES OF IXJ CRIES 

Invariably the history in these cases is that of attempting to break a fall, either for- 
ward or backward, by taking the weight on the outstretched hand, with the elbow flexed 
slightly and the forearm partially pronated. This results in a cubitus valgus force, trans- 



Fic. 2 Fic. 3 

Fig. 2: Type I fracture with forearm in pronation (the position at time of injurj’), showing rela- 
tionship of the fractured segment to the capitulum of the humerus. 

Fig. 3; T 3 -pe I cleft fracture. Note persi.stenee of fissure ten months after injurj-. 

initted through the head of the radius to the capitulum of the humerus, fracturing the 
anterolateral segment of the head. This is shown in Figure 2, in which the fracture appears 
on the anteromedial side of the joint, with the hand partially pronated. The degi'ee of 
leverage and the resulting angle at which the capitulum is driven into the pronated head 
of the radius determine the degree of comminution and displacement. 

The associated trauma to the capitulum is not frequently seen roentgenographically, 
but it is often seen surgically. Late changes of the capitulum and lack of bonj- repair of 
the crack fracture of the head of the radius (Type I) are shown in Figure 3. That the 
abduction force also injures the medial portion of the capsule is shown by the fact that, 
even late in the follow-up, the patient will in some cases complain of discomfort about the 
medial aspect of the elbow joint. 


TYPE OF FRACTURE 

Fractures of the radial head have been divided into three classes. Type I includes the 
mild case with a simple crack fracture (chisel type or cleft fracture), in which a brief 
abduction force is applied to the anterolateral segment of the head against the capitulum 
of the humerus (Fig. 2) . This results in either a single cleft across the head longitudinally, 
Nvithout depression (Fig. 3) or with slight depression (Fig. 41, without actual increase in 
circumference of the head. This type does well with conservative therapy. 
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Fig. 6: 
Fig. 7: 


Fig. 6 


Fig. 7 


T^pe m comminution of tlie entire iieaci of the radius, 

lype in f.acture, showing severe comminution with displacement. 


h-^ctm-es in which the circumference of the head has been 
latol serenT tF^ comminution or disturbed by marginal displacement of the antero- 
, , r . ] • question of surgical excision most frequently arises in the 

tieatment of this group; we feel, however, that all of these cases should be treated con-v^ 
servatively. ^ 

Type in includ^ those fiactures with marked displacement of one or more bony 

ragments (Fig. 7) . The authors feel that all of these cases should be treated by early 
surgery. 


TREATMENT 

^ Conseivative treatment in the first type of fracture means merely the use of a sling, 
with or without aspiration of fluid from the elbow joint. Aspiration is indicated when the , ^ 
joint is tense, and had best be done twenty-four hours after injury, at which time the 
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active bleeding usually has ceased. This procedui’e may have to be repeated. Rebel of 
pain is quite remarkable, and the patient is thus encouraged to begin earlier motion. The 
use of a sling for a week or ten days adds to the comfort. 

Conservative therapy in the second type of case consists of the treatment just men- 
tioned or, in the more comminuted type, a period of ten days to tvo veeks in a plaster 
splint with the elbow at right angles and the forearm in neutral position. This is followed 
by a sling and active motion, with physical therapy, consisting of heat and mild massage 
daily. In two of the patients in this group, aspiration was done, and no difference vas 
noted in the end results. 

The third type is treated by early surgical excision of the entire head. The authois 
believe that surgery in the first week offers the best chance for the initial healing of these 
injuries. It saves the patient’s time, and the joint can resume its function early. On seveial 
occasions the decision was made preoperatively to remove only the small fiagment demon- 
r strated roentgenographically, but so much comminution was found at the time of operation 
that the entire head was resected. 


SURGICAL TECHNIQUE 

The surgical technique consists of a lateral incision; a sph 3 'gmomanometer cuff, set at 
200 millimeters of mercurjq is used as a tourniquet. The incision extends from the lateral 
epicondyle through the conjoined tendon of the extensor digitorum communis and the 
extensor carpi ulnaris muscles. This incision is about two inches long and e.xtends down 
^ to, but not beyond, the annular ligament. Care should be taken not to cut or to injure the 
deep branch of the radial neiA-e bj' traction on the mass of supinator muscle. Adequate 
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exposure of the joint can ahvays i)e obtained by b), or proximal to, the cpiconclyle. 

Inspection of the lateral joint space will invariably demonstrate much more comminution 
of the head than was visualized by roent^enof^ram, and will also reveal the trauma to the 
cartilage of the cai)itulum of the humerus. With the forearm fully pronated, the triangular 
ligament, referred to in the section on Analomu a.-^ ligamentum capituli radii, comes into 
full view through the incision. Its rehitionship to the bicipital tubercle and to the fracture 
is shown in Figure I, and has been continued tit the tinatomy ttd)le. By means of an 
osteotome, the ligamentum ciipituli nidii is .stripped down to where it blends with the 
synovial reflection, which oilers a flap that c;in be .sutured ilcro.^s the rtiw stump. A stump 
wdth a smooth neck can be ol)tained l)y using a .sharp o.steotome, held rigidly at the base 
of the head, i)roximal to the annular ligament. Freciuent light tapping, together with 
rotation of the forearm through its l.oO degrees, will leave a smooth cut instead of the 
minute bony fragments which result from the use of a Cligli wire. Any shredding of the 
cartilage over the capitulum is now [)ared down, and further inspection of the lateral joint 
compartment is readily performed. The humero-nlnar joint is visualized, and any inter- 
posing fragments can be removed. The previously reflected ligamentum capituli radii is 
now sutured across the smooth neck, covering it completely. The synovial membrane and 
the capsule are closed as one lay'cr, the split conjoined tendon as another, and the skin as 
the third layer. Dressings, sterile sheet wadding, and a plaster cast, which holds the arm 
flexed to 90 degrees and the forearm in neutral i)osition, complete the procedure. After 
two weeks the cast and the skin sutures are removed and active motion is begun, encour- 
aged by physical therapy^ The sling is discarded after two weeks, and the patient is ready 
for light duty at the end of four or five weeks. 


END UE.su LTS 

In this series of forty-two cases, twenty-eight (66.6 per eent.) were Type I, five (12 
per cent.) wore Type II, and nine (21.4 per cent.) were Type III. Twenty-two (52.4 per 
cent.) involved the head of the left radius and twenty (47.6 per cent.) involved the right. 
Thirty-three cases were treated conservatively and nine cases were treated by surgical 
excision. Table I shows the three types and the clinical findings. 

Of the thirty-three cases treated conservatively, eight (24.2 per cent.) demonstrated 



Pig 9: Resected radial head, six months after operation. Note absence of any bone reaction. ^ 
Pio- 10- Type I fracture, showing roughening of the capitulum humeri and lack of bony lepaii 
of the cleft. (Patient had history of “sprain” one year before.) 
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TABLE I 

CuNicAL Findings in Thiiee Types of Fracture 


Tj-pe of 
Fracture 

Patient.switii 
Normal Range 
of Painless 
Motion 

Patients w 
in 

ith 5 to 10 Degrees of Limitation 

E.xtension and Supination 

IVithout Pain 

With Discomfort 
in Extremes 
of Motion 

With Discomfort in 
Extremes and Tender 
Medial Joint 

I 

9 

13 

3 

3 

II 

1 

2 

0 

2 

III 

7 

2 

0 

0 


17 

17 

3 

5 


minimum limitation of motion, with discomfort in attempts at full supination or full exten- 
sion. This was not severe, as none of the patients reported back to the clinic with this 
complaint. In contrast, when checked at the end of six months, none of the patients oper- 
ated upon had any discomfort and actually showed a better range of motion (Figs. 8-A 
to 8-D) than some of the patients who had not been operated upon. 

Bony spurs and myositis ossificans were absent in this series of cases. The cleft in the 
Type I cases persisted without any evidence of bone repair, even after ten months and a 
year, respectively (Figs. 3 and 10) . 

Temporary palsy of the radial nerve developed in one patient postoperatively as a 
result of the sphygmomanometer cuff, but recovery was complete in seven weeks. No 
symptoms about the wrist developed in any case. 

DISCUSSIOX 

This study has presented several problems. The limitation of motion (with or without 
pain) in the patients who were not operated upon has been attributed to the radial head; 
and yet, after surgical excision (either early or late) , this limitation of motion was not 
altered in some cases. 

Reference to the medial portion of the joint in the form of discomfort about the cap- 
sule was observed in three cases of Type I and two cases of Type II. This was explained 
on the basis of the abduction strain placed on this side by the initial trauma ; and yet those 
patients of Type III with a similar, but usually more severe, abduction strain on the medial 
capsule did not complain. This was explained on the basis that the force was dissipated by 
collapse of the head. Late roentgenograms disclosed no bony disturbance in this region 
(Figs. 3 and 10) . The question is occasionally raised of pain referred to the wrist, sec- 
ondary to these fractures. We saw no such cases in this series, but have had the occasion, 
repeatedly, to observe the absence of clinical or roentgenographic evidence of trauma to 
the distal portion of the radio-ulnar joint. This seems best explained as referred pain. 
The innervation of the wrist joint by the terminal branches of the deep branch of the 
radial nerve, irritated in the region of the head of the radius, seems logical. 

The question of support and rest of the part with the use of a plaster splint, which 
was used in two of the Type II cases because they seemed to be more severe, was answered 
when they were followed up. These patients did as well as those who were treated by the 
sling method. 

Subsequent roentgenographic studies have shown no cases of osteochondritis dissecans 
involving the elbow joint, but Figure 10 presents evidence of the trauma to the capitulum 
humeri. The absence of any attempt at repair of the cleft type of fracture (Type I) is 
best explained on the basis of an intra-articular fracture. 
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Of the patients in Type HI upon wlioin operation was performed, the absence of bony 
spurs about the stump of the neck of the radius is probably due to the method described 
for covering tlie stump. 


SUMMARY 


1. A series of forty-two cases of simple fracture of the head of the radius is presented, 
in which thirty-three cases (Types I and 11) were treated conservatively, with c.xcellent 
end results in 75 per cent. The remaining 25 per cent, showed a mild degree of disability. 

2. Nine cases (Type III) were treated by total e.xcision of the head of the radius, 
with excellent end results. 


Notc: The iuitlior.s wi.'-h lo c-NprcNS tlioir fiiank.s lo Profe.'.^or H. A. Harris and his stafT of the Anat- 
School at Cambridge University, Camijridge, England, for a.-'.-'i.'itance. 
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A CASE RESEMBLING IIEMANGIO-MATOSIS OF THE LOWER EXTRE:\nTY 


I5V OU'ID J. KING. M D., WIL.MIXGIOX, DELAWARE 

From the DtjmilmLiU oj Orthopaedic Surgery oj the Hospital 
oj the L'lniti-^tly of Pcniftijliama, Philadelphia 

The case recorded here presents a problem in diagnosis. A report of a similar case has 
not been found. The nncroscojiic ])icture of the lesion suggests that it involves the capil- 
lary system, and the title was selected for this reason. On gross examination, however, no 
extraneous blood vessels were encountered. Although both bone and soft tissue were in- 
volved, the primary lesion appeared to surround the great vessels of the limb. 

Irradiation was tried empirically. Tiic* favorable response has led the roentgenologist 
to feel that the lesion may be some tyjie of malignant radiosensitive tumor. ^Iicroscopic 
e.\annnations show no such evidence, however. 


CASE REPORT 

C. P , an ele\ on-year-old white hoy, wai in imial ‘^tate of good health until April 1941, at which 
time he fell from hia bic 3 ’cle and hiii t hia left knee The region of the knee joint became swollen and 



Fic 1 

Roentgenograms taken on April 17, 1942, show a lesion iihich invohes the diatal third of the 
lemur. There is marked soft-tissue swelling. Destructive changes of lower third of femur do 
not involve the epiphysis. A pathological fracture is present. 

'“L 28, NO. 3, JULY 104G 



624 


D. J. KING 


Fig. 2 

Microscopic section of femur sliows o.>teopoi o.iis of bone. Tlierc is a sprouting of capillary blood 
vessels, which is most evident where the trabeculae are thin and witlespread. 



discolored, and it was warmer than the other knee. He was treated conservatively by his doctor and in 
ten days was walking about with no pain, but the swelling and discoloiation did not subside. 

In May 1941, roentgenograms wore taken because the swelling persisted. The}' showed no patho- 
logical changes of the bone. Roentgenograms were taken again in July, because the swelling and dis- 
coloration appeared to be increasing. Again no involvement of the bone was lovealed. 

It was then noted that the swelling and discoloration were spreading gradually above and below the 
knee. In February 1942, while turning over in bed, the patient e.xperienced pain for the first time since 
the onset of his illness. After this, swelling soon involved the thigh and the upper half of the leg. 

In April, he was admitted to the Orthopaedic Service of the Hospital of the University of Peim- 
sylvania. His temperature, pulse, and resiriration were normal. He was pale and imdei nourished. The 
left lower extremity was involved in a generalized swelling. The regions above and below the knee weie 
discolored, and the skin temperature was elevated. A fluctuant war’e, involving the thigh and the upper 
half of the leg, could be demonstrated. All arterial pulsations were normal. 

The laboratory studies were as follows; 


Hemoglobin 
White blood cells 

Polymorphonuclear neutrophils 
L 3 'mphocytes 
Monocytes 
Eosinophils 
Basophils 
Blood calcium 
Blood phosphorus 
Sedimentation rate 
Coagulation time 
Bleeding time 


SO per cent. 

7,500 

54 per cent. 

32 per cent. 

5 per cent. 

7 per cent. 

2 per cent. 

10 milligrams per 100 cubic centimeters 
3 5 miliigiams per 100 cubic centimeters 
5 millimeters per hour 
4 minutes 

3 minutes 


The blood phosphatase was elevated to 1S.2 Bodansky units. A urinalysis was negative, Kolmer and 
Kahn tests were negative, and the tuberculin test was negative. Fifteen hundred cubic centimeters oi 
thin serosanguineous fluid was aspirated from the thigh subfascially. Laboratory studies of the fluid 
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showed it to be negative on culture end smear. Micro.scopic examination of the sediment showed only 
red blood cells and blood pigment, with some round lymphoid-like cells. 

On April 17, all the bones in the body were normal b^' roentgenogram, except the left femur (Fig. 1). 
At the distal thiril of the left femur was a lesion characterized by marked soft-tissue swelling and destruc- 
tion of the bone. There had been a pathological fracture. 

A provisional diagnosis of hemangioma of the lower end of the femur was made, and it was decided 
to examine the lesion at operation and to amputate the limb. This was done in May 1942 by A. Bruce 
Gill, M.D. The lower cud of the thigh was incised. Bloodj’ fluid gushed out, and then a network of white 
tissue was noted. This involved the subcutaneous tissue and muscles, and extended into the bony frag- 
ments, which were markedly ostcopoiotic. The tissue al.-o surrounded the large blood vessels. This 
tissue, which resembled ner\'e tissue, varied in thickness and was continuous. On gross examination, no 
lumen was evident and no blood could be expressed from the tissue. A mid-thigh amputation was per- 
formed, and the lesion was resected as high as possible. The remaining ends of the lesion, which were at 
the level of the tourniquet, were ligated. 

Examination of the specimen showed that the subcutaneous tissue in the region of the discolored 
skin was indurated and stained with blood pigment. The fascial layers and the septa were shredded, 
giving rise to continuous long, white strands of vaiying thicknesses. This condition extended from the 
subcutaneous tissue down to the bone, and involved the periosteum. Surrounding the large vessels, these 
strands were so fine and thin that they gave the appearance of spider-webbing. Between the muscles the 
strands were thicker, often reaching the size of small vessels or nerves. The bone was markedly porous 
and broke easilj-. It had the appearance of bone whicli had been decalcified by soaking it in a solution. 



Fig. 3 

Roentgenogram taken July 16, 1942, shows further destruction of upper end of femur and 
questionable involvement of the acetabulum. 
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Fig. 4 


Roentgenogram of February 26, 19-13, showti greater doritruetion of femur. Punched-out 
areas are increasing. The region of tlie ilium above the acetabulum also sliows punched-out 
destructive areas. 



Fig. 5 

Microscopic section of soft tissue shows fibrous tissue, fat, and a large number of capillary vessels, 
e vessels appear to be of the venous type. There is extensive -fibrosis. Note the focal aggregation 
j^mphoid cells. ' ■ ' , -u ' '‘-y. " 
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The niicroM' 0 |)ic .-pctioii of tlio feimii- showed eonsicicrable osteoporosis. The number of capillary 
blood ve-v-cls wa.s greatly iiirrea.-ed. This wa.s most evident where the trabeculae were thin and widely 
spaced (I’ig. 2). The .-oft-ti.-suc .-ection.< showed fibrous tissue and thin-walled blood vessels. 

The patient was discharged on Juno 19, 1912, with the stump healed, but boggy. His progress was 
followed in the Out-l’atient Department. He got along well and gained weight. Roentgenograms in 
July showed questionable progre.-viou of the disease (Fig. 3). In November, roentgenograms .showed 
increased decalcitication and punched-out areas in the femur and acetabulum. In Febiaiary 1943, he 
noted that the stump was becoming discolored. This was followed by swelling, and roentgenograms 
showed that now the head of tlic femur and the pelvis were involved (Fig. 4). 

The patient was readmitted to tlie Hospital. \ roentgcnographic surve 3 ’’ of the bones was again 
negative, excejit for the loft hi]) and the .stump. All laboratory studies were repeated, and found to be 
not remarkable, o.xccpt for an elevated iihosphatase (17.7 Bodan.sk.v units). On April 14, 1943, biop.sj' of 
the lesion in the left groin was performed b>' Paul C. Colonna, M.D. Again the plexiform mass surround- 
ing the great vessels was encountered. .A great deal of blood.v-wateiy fluid flowed freely from the wound. 
The soft tis.'Ucs appeared to be disintegrating, as thej’^ absorbed the fluid. Tissue was removed for 
e.xamination. 

Microscopicallj', the section showed an incro.ascd number of blood vessels, but they contained very 
little blood; their walls were thin, but development appeared to be normal. There was extensive fibrosis 
in the surrounding areolar tissue. The most striking feature, however, was the focal aggregation of 
lymphoid cells, sometimes grouped about well-organized germinal centers (Fig. 5). 

Sections were made of eight different parts, and they were examined bj" Robert C. Horn, M.D., 
Surgical Pathologist of the Hospital of the University of Pennsylvania; Joseph McFarland, M.D., Pro- 
fessor Emeritus of Pathologj' of the Universitj' of Pennsylvania; William E. Ehrich, M.D., Pathologist 
of the Philadelphia General Hospital; and Arthur Purdy Stout, M.D., Associate Professor of Surgery, 
Columbia University, College of Phj'sicians and Surgeons, New York City. All of these men considered 
the lesion to be some type of angioma. 



Fic. 6 


Roentgenogram taken Julj’ 7, 1944, about ten months after roontgenotherai>.v had been 
stopped and twenty-six months after amputation, shows definite improvement. Calcification of 
punched-out areas is occurring. The disease process has definitelj' been arre.-ted. 
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Plorn reported as follows: “The sections made from the amjadated Icf; show essentially a sprouting 
of capillary blood vessels, which is most evident in the bone, where the trabeculae are thin and widely 
spaced. Minor degrees of old and recent hemorrhage are a.-^sociated with this va.scnlar growth in the soft 
tissues. The sections made later at biop,sy again .sliowed increased numbers of blood ve.^sels. The ve,ssels 
here, however, teml to bo of larger caliber and often have well-develoi)cd mu.scular walls of venous type. 
Those vo.'-'sels contain little blood. There is e.xten.sive fibrosis in the .surrounding areolar ti.ssuc, but the 
most striking features are focal aggregates of b'lnphoid cell.s, .sometimes grouped about well-organized 
germinal centers. 

“Although the nature of this lesion is ob.scure, there is little doubt, on the basis of pathological 
o.xamination, that neoi)lasm can bo ruled out. (Stout agrees with me on this point.) The only suggestion 
I have to offer is that the changes are a.ssocialed with di.sca.se (anomalous or otherwise) of the general 
vascular sj’stcm of the leg. 

“I have observed clinically and studied pathologically at the rresbyterian IIosi)ital in Now York 
City the case of a boy whose lesion, consisting e.s.sentially of a widespread si)routing of capillarie.s, pre- 
sented manj’’ similarities to this case. Detaile<l study of that case brought to light the clinical finding of 
multiple small arteriovenous anastomoses; and the pathological finding of small j)cculiar blood ve.ssels, 
which boro some similarities to arteries and some to veins. Of course, it is not known whether or not 
these cliangos were of a i)rimary or secondary nature.* 

“As to nomenclature, I can suggest oidy ‘hemangiomatosis’, a term without a great deal of meaning, 
which would, however, siiggc'st tlu' s])routing of blood V('.<.'els which characterizes the le.-ion and indicates 
its non-neoplastic nature.” 

The wound healed per prinuun. The boggine.-s of the stump i)ersisted. After consultation with 
members of the Radiology Department, it was decided to give the iiaticnt .a course of roentgenotherapy. 

Between April 20 and May 27, 1913, lh(> patient was treated with 200 kilovolts of x-ray radiation 
with an added filtration of 0.5 millimeter of eoi)per, and one millimeter of aluminum with half-value 
layer of 1.05 millimeters of coi)per. The patient received 200 roentgen units to each of two portals daily, 
at a di.stancc of 50 centimeters. There was an anterior portal, 15 centimeters b}’ 15 centimeters, directed 
to the left ilium, the acetabulum, and the head and neck of the left femur. There was a .similar posterior 
portal. There were al.so anterior and i)ostorior jmrtal.s, 10 by 13 centimeters, that covered the upper half 
of the femur, below the imrtals i)roviously de.scribed. Each portal received 1700 roentgen unit.s, meas- 
ured in air. 

The patient was followed in the Clinic, and loeriodic roentgenographic examinations were performed. 
His general condition was good. The boggincss in the stump disappeared after about six months. The 
roentgenograms showed progressive im])rovement. The punched-out areas appeared to be filling in, as 
was evident from films taken in July 1914 (Fig. 6). The Radiology Department feels that roentgeno- 
therapjr is no longer indicated. The fitting of a prosthesis is now being considered. 

A satisfactoiy diagnosis for this puzzling case lias not been established. 


1. Stout, A. P. : Tumors of Blood Vessels. Texas State J. Med., 40: 362-365, 1944-45. 
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Report of a Case Ixvolvixg the Clavicle 

BY LIEUTENANT COLONEL R. BEVERLEY RAY AND MAJOR AARON KELLNER 
Mcilicnl C orps. Army of Ihc United Stales 

From the Orthopaedic and Laboratory Services, Army Air Forces Regional Station 
Hospital, irwIofCi' Field, Massachusetts 

The clinicopathological entity of “eosinophilic granuloma of bone” was described bj'^ 
Lichtenstein and Jaffe in 1940. Independently and almost simultaneously, the same pic- 
ture was described by Otani and Ehrlich under the name of “solitaiy granuloma of bone”. 
Similar cases were reported by Farber and by Green and Farber, who used the term 
‘‘destructive granuloma of bone”. The subject was well reviewed by Jaffe and Lichtenstein 
in 1944, and the basic rclationshi]i between Hand-Schiiller-Christian disease, Letterer- 
Siwe disease, and eosinophilic granuloma of bone was stressed. To date, between thirty 
and forty cases of eosinojihilic granuloma of bone have been reported. In this paper the 
authors wish to report an additional case involving the clavicle. This is a rare site for the 
occurrence of the condition, but one case was reported previously by Greenberg and Schein. 

CLINICAL FE-iTURES 

Eosinophilic granuloma of bone is clinically and histologically a benign inflammatorv" 
lesion. It is found almost e.xclusively in children, adolescents, or young adults. The lesions 
may be single or multiple and may involve the long bones or flat bones, or both. The 
clinical picture is usually that of local swelling, tenderness, redness, heat, and pain with 
some limitation of function, depending upon the bones involved. Systemic manifesta- 
tions — such as fever, malaise, weight loss, leukocytosis, or eosinophilia — have been noted, 
but are rare. The lesions frequently produce no sj'inptoms. and are discovered only by 
roentgenographic examination. 

ROENTGENOGR-VPHIC .APPEAR.VNCE 

The roentgenogi’aphic picture consists essentially of an area of bone destmetion. The 
bone may be expanded and the cortex eroded or perforated. Periosteal new bone is occa- 
sionally seen. Lesions in the skull may be sharply punched out. Sclerosis of bone about 
the lesion is unusual, unless pathological fracture has occurred. The roentgenographic 
appearance is by no means pathognomonic, and can mimic a wide variety of benign and 
malignant neoplasms and inflammatory'’ lesions of bone. 

P.VTHOLOGIC.VL FINDINGS 

In the early stages, the gi'oss appearance is that of soft hemorrhagic granulation 
tissue, which may be brown or yellowish in color and may contain areas of necrosis. The 
histological picture is that of a destructive granulomatous lesion, characterized by variable 
numbers of large mononuclear histiocytes which are actively phagocytic, interspersed 
among which are collections of eosinophils. The histiocytes are considered by Jaffe and 
Farber to be the basic component of the lesion. The eosinophils may be quite sparse, but 
are often present in large sheets and may present a striking red appearance in sections 
stained by the hematoxylin-eosin method. In some areas small numbers of lymphocytes, 
plasma cells, polymorphonuclear leukocytes, and multinucleated giant cells are found. 

As the lesion progi’esses the eosinophils tend to disappear, according to Green and 
Farber, and the cytoplasm of the histiocytes becomes foamy, so that they take on the 
appearance of lipophages or “xanthoma” cells. In later stages the lesion undergoes fibrosis 
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and eventual transrorination into hone. JalTe and I/ieliten.stein ai’e of the opinion that the 
disease may heal by re.solution, without pas.-^ing through a liiiogranulomatous stage. 


KTIOLOOV 


The etiology of the condition is obscure. It is gimerally believed that the disease is of 
an inflanunatory nature, although no specific causative micro-organism or virus has been 
isolated. Otani was of the opinion that trauma played a role in the pathogenesis. 


'rHK.vr.M K.vr and hhoonosi.s 

Therapy for eosinoiihilic granuloma has been empirical, but satisfactory, .faffe states 
that the lesions may undergo spontaneous healing within from a few months to a year. 
Excision or curettage has been followed by complete cure with no local recurrence, although 
new lesions have simultaneously or subscfiuently appeared in other sites. Relatively small 
doses of roentgenotherapy have been employed, with good results. 

The prognosis in general is good. In those cases with multiple bone lesions, however, 
there may be visceral lesions which would put the diagnosis in the category of Hand- 
Schiiller-Christian or Lotterer-Siwe disease, where the prognosis is more guarded. 


C.VSE HEI’OHT 

An aviation cadet, twenty-two j’cars of ago, wa.^! admitted to the .Vnn 3 ’ .Air Forcc.s Regional Hospital, 
AVestover Field, on August 24, 1911, after transfer from a ncar-b^' Station Ho.spital. Four weeks prior to 
admission he first noted pain, tenderncs-s, and enlargement of the loft clavicle, approximately one inch 
from the sternal end. Throe or four da.v.s after the onset of pain ho consulted a medical officer; heat 
treatment and special calisthenics wore gi\’cn for one week. Becan.-’o of jjcrsistcnt pain, increase in tender- 
ness, and localized swelling, he was admitted to the Station Hospital at his base, where roentgenograms 
were taken. A destructive lesion was noted in the left clavicle, and a diagnosis of acute osteomyelitis of 
the clavicle was made. The patient was then transferred to this Hospital for definitive treatment. Upon 
arrival, he stated that the clavicular mass was never red or hot; it had definitob’ increased in size during 



Fig. 1 

Roentgenogram showing destructive lesion of the left clavicle. {Base Plwtographic Labora- 
tory, Westover Field, Massachusetts.) 
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the present illness, and much more rapidly during the past one or two weeks. During the past month or 
six weeks he had lost from four to six pounds in weight, which he attributed to the strenuous training 
program of the aviation cadets. He had occasional headaches during his present illness, but no other 
s>-stemic s\-mptoms and no sj-mptoms referable to any other portion of the skeletal sj^stem. There was 
no historj' of trauma to the affected bone. The patients past histoiy was not remarkable. He had been 
in the Army for one and one-half years at the time of admission, and had had no overseas sendee. His 
family history was relevant only in that his mother had died of what was thought to be pulmonary 
tuberculosis, but there was no family history of malignant or neoplastic disease. 

On physical examination he was found to be a rather thin white male, seventy-one inches in height, 
and weighing 137 pounds. A general physical examination was negative with the exception of the left 
clavicle, in which there was a tender fusiform mass, one inch from the sternal end. This mass was ap- 
proximately two by two centimeters in extent, was not fluctuant, did not pulsate, and did not show signs 
of acute inflammation. Shoulder motion and motion of the sternoclavicular joint were normal. The 
lymph nodes of the neck were not enlarged, but in the left axilla there was a firm, non-tender, palpable 
lymph node, one centimeter in diameter, which the patient stated had been tender and enlarged approxi- 
mately two weeks prior to admission. There was no reaction in the skin about the clavicular mass, and 
no tenderness or evidence of bone involvement in the rest of the skeletal sj'stem. There were no neuro- 
logical abnormalities, and the chest was clear to percussion and auscultation. 


Laboratory Data 

Blood Count : Red blood cells 

Hemoglobin 
White blood cells 

Polymorphonuclear neutrophils 

Eosinophils 

Ljunphocytes 


4.910,000 

98 per cent. (Sahli) 
7,900 

61 per cent. 

2 per cent. 

37 per cent. 


Blood Cheraistiy : Total serum proteins 
Albumin 
Globuhn 
Calcium 

Inorganic phosphorus 
Phosphatase (alkaline) 
Sugar 
Uric acid 
Cholesterol 
Non-protein nitrogen 


6.4 grams per 100 cubic centimeters 

3.9 grams per 100 cubic centimeters 
25 grams per 100 cubic centimeters 

10.7 milligrams per 100 cubic centimeters 
3.1 milligrams per 100 cubic centimeters 
3.7 Bodansly units 

140 milligrams per 100 cubic centimeters 

2.9 milligrams per 100 cubic centimeters 
206 milligrams per 100 cubic centimeters 

375 milligrams per 100 cubic centimeters 


The sedimentation rate was two millimeters per hour (T) estergren). The Kahn test was negative. A 
urinalysis was negative, including a test for Bence-Jones proteins. 

Roenlgenograpliic Examination 

Views of the left clavicle (Fig. 1) showed a transverse irregular elliptical area of bone absorption, 
measuring two centimeters by one centimeter and involving the upper two thirds of the clavicle, four 
centimeters from the sternal end. The edge of the defect was scalloped, ha^-, and moth-eaten in appear- 
ance, with absorption through the upper cortex, leaving a residual small angular shelf, laterally and 
superiorly. There was no sequestration, no sclerosis or bone condensation, and no trabeculation, but 
slight cortical expansion was noted. An overlj-ing soft-tissue mass, measuring approximately 25 centi- 
meters b 3 ^ 1 centimeter, was present. Overlj-ing the defect was a thin, opaque, elliptical rim of calcifica- 
tion. In comparison with roentgenograms taken twelve days previously at the Station Hospital, a defi- 
nite increase in bone destruction was seen. The roentgenographic appearance was considered indicative 
of a neoplasm, probabb' malignant, rather than of osteomj’elitis or other non-neoplastic condition, such 
as parathjToid disease. Roentgenograms of the thoracic spine, ribs, skull, lumbosacral spine, pelvis, both 
femora, both tibiae and fibulae, and both humeri revealed no abnormalities. A flat plate of the abdomen 
showed that the liver was normal, the kidneys were normal in size and position, and there was no evi- 
dence of opaque calcification. Chest roentgenograms showed the lungs to be clear, rvith no infiltration 
or consolidation. 

The preoperative diagnosis was primary neoplasm of the left clavicle, probably malignant. 
Operation 

On August 31, 1944, a biopsj- of the mass was done. The sections obtained from this biopsj- showed 
only inflamiiiation and necrosis, suggestive of eosinophilic granuloma, but no erddence of malignancy. 
In view of these findmes. a thorough excision and curettage of the affected area of the left clavicle was 
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Fig. 2 


Micioscopic section, lo^v-po^^cr fioltl, showing .hcot. of cosinopl.ils. 



Fig 3 

Micioscopic section, high-power field, sliowing niimeious eosinophils .and a few laige histiocytes. 
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done on Soptombci 2, 1911. At oiiei.Uion, the gio^^ appeai.iuee of the le-ion ^\as that of a film, reddibh- 
gi.iy, fleihj' m.i«, .ippioxim.itcly 2 5 < cntimcteia in diainetei, extending deep into the bodx of the claMcle 
The iinohed ti'siie w.is friable, bled c.i'ily, and was. not attached to 5.uuounding soft tirsue Theie wa.. 
questionable iinohcinent of the att-ahnient of the steinocleidoniastoideu-. in this aiea, and a poition of 
the mii'clo w.is exti'cd Bleeding Horn ■'iiuoiinthng bone and soft ti'suea was modeiate A thoiough 
exci'ion of the ni.i'.', ciiiottage of the ol.niciilai defect, and 'auceiization weie done 

Palholor/ical Findttig'> 

Gi(t^^ Appcnuincf The specimen coii'i'ted of niimeioii' fiagments of fiiable, hemonhagie, giaM'h- 
jellow tis'iie, mcasuiing in aggicg.ite 3 by 2 5 centimeteis, and seceial spicules and small pieces of bone 

Micioicopic Appearnnee (Fig' 2 and 3) Thiiteen sections weie fixed m a solution of 10 per cent 
formalin and stained with hcinatoxjlin and eosin The sections showed a loose cascular gianulation 
tissue, infiltiated predominantly by cosinoidiils These weie mainly of the polymorphonuclear xariety, 
although a few mononuclear foinis weie piC'ent In addition to the eo'inophils, there were many large 
cells with lounded, oral, or lenifoim nuclei, these were probably histiocj'tes, although no definite 
pliagocctic .actuity could be made out. The hi'tiocjtes weie oecasionalb' multinucleated In some sec- 
tions the histiocytes weie present m large sheets and weie the piedominatmg cell form In addition to 
the eo'inophils and the histiocytes, a small number of scatteied Ij-mphocytes and polymorphonuclear 
neutiophils were present A strilving feature of many of the sections was the laige areas of hemorihage, 
degeneration, .and necrosis In sec era! places reparatice fibiosis was noted Small pieces of bone were 
present in seceral sections The maiiow spaces were replaced by a loose fibrous tissue, permeated bj' a 
few eosinophils and small round cells There appe.ared to be a foiTnation of poorly calcified new bone m 
seceial places. One section showed a marked proliferation of fibroblasts, with an associated formation of 
Osteoid tissaie 

Cultures taken from the site of the lesion and grown aerobically and anaerobically were stenle 

The diagnosis evas eosinophilic granuloma of bone 

Programs 

The patient withstood the operatic e procedure well, and the postoperatic e course was unecentful 
Skin sutures were remoced on the secenth day after operation, although there was still tenderness in the 
region of the wound, this was considerably less marked than before operation There was no ecudence 
of recurrence of the mass, and no drainage from the wound Roentgenograms of the clac’iele showed 
some filling m of the bone defect within a month after operation The patient had normal shoulder 
motion, without pain In a final roentgenogram of the clac'icle, a famt elliptical translucent area was 
noted in the shaft of the third nb posteriorly This finding was thought to represent another possible 
focus of eosinophilic granuloma of bone, and roentgenotherapy was considered to be the procedure of 
choice This lesion produced no sj-mptoms and the patient was completely free of symptoms referable 
to the clac icle Since this Hospital was not authorized to gic e roentgenotherapy, the patient was trans- 
ferred to the Walter Reed General Hospital, Washington, D. C The roentgenographic consultant at 
Walter Reed General Hospital did not believe that the findmgs in the left posterior rib cvere indicative 
of another focus of eosinophilic granuloma, nor did he feel that roentgenotherapy was indicated so far as 
the clacncular lesion was concerned Therefore the patient was discharged from the Hospital on October 
31, 1944, to full military duty, to continue his work as an a\ lation cadet 

In a personal communication on December 26, 1944, the patient stated that he weighed 144 pounds, 
that his clavicle “felt fine”, and that he had had no pain or recurrence of the swelling He was caio'mg on 
full-time in the ground training program for ai lation cadets, without complaint or symptoms referable 
to his musculoskeletal system 


COMMEXT 

The clinical and roentgenographic picture presented by eosinophilic granuloma of 
bone is not specific, and may mimic a variety of inflammatoiy and neoplastic processes. 
Thus, in the case reported, the original diagnosis was acute osteomyelitis and the pre- 
operative diagnosis a malignant bone tumor. If the lesion is solitary, it may be confused 
with giant-cell tumor of bone, bone cyst, or even Ewing’s tumor Often osteomx'elitis, 
tubciculosis, or syphilis enter into the differential diagnosis If the lesions are multiple, 
they may bear a striking resemblance to multiple myeloma; the osseous lesions of lym- 
phoma; or metastases from malignant tumors, such as neuroblastoma. The differentiation 
is often impossible on elinical, i oentgenographic, or laboratorj' evidence, and will depend 
upon histological examination 

Eosinophilic granuloma of bone is considered by Jaffe and Lichtenstein and by Green 
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and Farbor to be a variant of Iland-Scbiillcr-ClirLstian (IKscaso and Lettercr-Siwe disease. 
Both tlicso conditions arc markedly dilTcrcnt clinically from co.sino[)liilic f^ranuloina, but 
the histological pictures bear striking rc.'^einblance.s to each other and transition stages 
between the three diseases have been reported. 

Letterer-Siwe disease occurs in young childivn, usually below the age of two, and in 
most cases runs a rai)idly fatal course. It is characterized by fever, anaemia, hopato- 
splcnomegaly, genei-alized lymphadcmopathy, purpui'a, and multiple bone lesions. Histo- 
logically, there are focal or dilTuse c(dlections of histiocytes in the visceral and bone lesions, 
with an occasional .si)rinkling of eosinophils. The early lesions may be indistinguishable 
from eosinophilic granuloma of bone, and the older lesions may show evidence of fibrosis 
and the transformation of the histiocytes into lijiophages. 

Hand-Schiiller-Christian disease occurs in oldei- children, or occasionallj’’ in adults, 
and runs a milder and much more chronic cour.se. It is characterized by the presence of 
lipogranulomatous foci in various \-iscera and bones. The ela.'^sical triad of skull defects, 
e.xophthalmos, and diabetes insiiiidus results from involvement of the skull, although other 
organs and bones may bo involved and tlie clinical picture may vary accordingly. In some 
cases it is possible to demonstrate the e.xistence of focal collections of histiocytes and even 
eosinophils. It is believed by .lalYo and Farber that these gradually undergo fibrosis and 
the histiocytes are transformed into foam cells or lipopliages, to produce the microscopic 
picture which is associated with I-Iand-Schiiller-Christian disease. 

The relationship of the three diseases is well summarized by Mallory: “Strongly 
suggestive evidence therefore lies at hand that all these various syndromes represent a 
single disease entity — rapidly fatal in the infantile forms, which have been described as 
Letterer-Siwe 's disease and roticulocndotheliosis; chronic, but still of serious import be- 
cause of the likelihood of cerebral and hypophyseal involvement, in early childhood 
(Hand-Schiiller-Christian’s disease) ; and comparatively benign in later childhood or in 
the adult, where the usual picture is that of eosinophilic granuloma. Proof of this identity 
must of course await the discovery of the otiolog3^” 


REFERENCES 

Farbeu, S.: The Nature of “Solitary or Eosinophilic Granuloma” of Bone. Scientific Proc., Am. J. Pathol., 
17: 625-629, 1941. 

Green, W. T., and F.\rber, S.; “Eosinophilic or Solitai'y Granuloma” of Bone. J. Bone and Joint Surg., 
24; 499-526, July 1942. 

Greenberg, B. B., and Schein, A. J.; Solitary Eosinophilic Granuloma of Bone. Am. J. Surg., 67; 547- 
555, 1945. 

Jaffe, H. L., and Lichtenstein, L.: Eosinophilic Granuloma of Bone. A Condition Affecting One, Sev- 
eral or Many Bones, but Apparently Limited to the Skeleton, and Representing the Mildest Clinical 
Expression of the Peculiar Inflammatory Histiocytosis Also Underlying Letterer-Siwe Disease and 
Schiiller-Christian Disease. Arch. Pathol., 37 : 99-118, 1944. 

Lichtenstein, L., and Jaffe, H. L.: Eosinophilic Granuloma of Bone. With Report of a Case. Am. J- 
Pathol.. 16: 595-604, 1940. 

Malpory, T. B.: Pathology: Diseases of Bone. New England J. Med., 227 : 955-960, 1942. 

Otani S., and Ehrlich, J. C.: Solitary Granuloma of Bone. Simulating Primary Neoplasm. Am. J. 
Pathol.. 16: 479-490, 1940. 



DEFOR.MITY OF THE RADIUS PRODUCED BY AN ANEURYS]M 


Report of a Case 

BY CAPTAIN’ EDMOND R. ZAGLIO AND MAJOR M. H. H.ARRIS 
Medical Corp'i, Army oj the United Stales 

From the Surgical Seriicc, Orthopaedic and Vascular Sections, Ashjord Geneial Hospital, 

While Sulphur Springs, ireot Virginia 

Injuries sustained during World War II have been manifested in many ways. The 
following case report describes a type of injuiy which, to our knowledge, has not previously 
been reported. 


C.\SE REPORT 

K. I., a soldier, twenty-one years of age, was wounded through the right forearm by machine-gun 
fire on February 2, 1945. He was taken prisoner, and given first-aid treatment in an enemy Aid Station. 
The following day he was recaptured by American troops and, after debridement of the wound, the 
extremity was encased in plaster. Roentgenographie examination, twentj'-four hours after injury, re- 
vealed lateral displacement of the fragments of the radius (Fig. 1). On February' 22 secondary closure of 
the wounds was performed, and the plaster cast was changed. On March 7 the ca.st was again changed, 
and traction was applied through the thumb for correction of the lateral displacement of the comminuted 
fragments of the radius. 

Upon admission to .Ashford General Hospital on April 13, 1945, the plaster cast and the thumb 
traction were removed. Physical examination showed a healed wound of entrance on the ulnar aspect 
of the lower third of the right forearm, and a healed wound of exit on the radial aspect of the upper 
third of the right forearm. Flexion of the right index finger was limited, with complete loss of pronation 
and supination of the right forearm. Palpation revealed a firm, non-tender swelling over the region of 
the mid-portion of the radius. Hypaesthesia was present along the distnbution of the superficial radial 
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scrfbe^n even ‘™c! twenty-four hours after injuo’. The fragments de- 
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the extensor carpi raclialis breiis rncUlL^extraw dn/^ was made between 

and stripped- from the radius, a large, am^nt of on^ 1°'’“? the periosteum was incised 

vealed a false aneurysmal sac between the radius and ^ ^'■‘'‘‘^i‘‘'ition of the clot re- 

diameter (Figs. 3-A and 3-B). The tourniquet waJ 1 ‘-^PP-oximately 5 centimeters in 

opening in the volar surface of the interoious ai ter fF. l^'ood spurted from a small 

and distal to tlie opening with No. 40 cotton sutLe and^ri ^ proximal 

•re, and tJie false sac was excised. The comminuted 
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Fig. 4 


Fig 5 


Fig 4" Probe interted through opening in \olar suiface of the interosseous arterj". 

Fig. 5: Schematic cross section of the forearm at site of aneuo’sm, showing displacement of arterj' 
and nen e. 



Fig 6 


Roentgenograms show radial graft, four months after operation. 

portion of the radius iras exci-ed, and the 11 centimeter gap was bndged by a tibial graft. mea.mring 
13 by 15 centimeters The graft was fi\ed rvith two stainless-steel screws m the proMmal end. and one 
screw in the distal end The distal end of the ulna was e\ci'ed to accomplish alignment of the radial 
fragments, and to conect radial de\iation of the hand The tourniquet was removed, and the wound 
was closed in lavers, with interrupted cotton sutures The extremity was encased in plaster with the 
elbow in 90 degrees of flexion and the forearm midway between pronation and =upination 

The po'toperatue course w.as uneventful Four months after operation there was thnual union of 
the radius, with satislactoiy roentgcnographic appearance (Fig 6) Six months after operation -aipina- 
tion vv.is complete, and pronation was 60 per tent of normal. 






638 


E. U. ZA(!LIO .VXD .M. II. IIAIUUS 


SU.M.MAIJV AXD COXC'EE.SIOX.S 

The jircsence oi this !ineury.siu, which produced unifonn detonnity of tlie radius, was 
not suspected jirior to operation. From the case, the followiii^^ conclusions may ho drawn: 

1. Uniform deformity of a comminuted hone should make one suspect the presence 
of an aneurysm. 

2. The deformity achieves ma.vimum size almost immediately after injury. 

3. Tlie two lesions may be corrected successfully at the .same time. 


CALCAREOUS TENDINITIS OF A FLEXOR TENDON OF TPIE FINGER 

Repout of a Case 

BY LIEUTENANT COLONEL JOHN R. V.VSKO 
Medical Corps, Army of the United States 

Amorphous calcification occurs in various tendinous tissues of the body, the usual 
sites being the capsule of the shoulder joint, about the insertion of the supraspinatus ten- 
don; the capsules of the finger joints; the tendo calcaneus; and the capsule of the knee 
joint. The purpose of this article is to report another site of calcification, — that of a 
flexor tendon of a finger. 

The etiology for calcification of tendinocapsular tissues is still in doubt. Some writ- 
ers believe that trauma is the cause, others ^ that it is a metabolic disturbance or that 
it is due to a deficiency’ of vitamin E. It has also been pointed out that necrosis of tissue, 
with subsequent calcification, may occur. In the case being reported here there w^as no 
history of recent trauma, although minimum injuries, such as are frequent in everyday 
life, may have occurred and been forgotten. 

The treatment of these cases of calcification varies from no therapy to surgical re- 
moval, and includes physiotherapy, salicylates, roentgenotherapy, needling, irrigation, 
novocain injection, aspiration, and the administration of vitamin E. Obviously no specific 
therapy is effective in every case, and some of these calcifications — especially those about 
the shoulder are notoriously resistant to all forms of therapy. Sutro and Cohen have ob- 

served that the calcareous deposits sometimes disappear spontaneously, without treatment. 
In the case to be discussed, rest alone sufficed. 


CASE REPORT 


E B. H., a white male, aged twenty-eight, entered the hospital 
plaint that his right middle finger was swollen and pam'’-' 


on August 12, 1944, with the com- 
loi* nnanh \x'n9 ftm dual. 
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Fio. 1 Fig. 2 

Fig. 1: Shows calcification within the flexor tendon on August 14, 1944, before treatment was begun. 
Fig. 2 : Shows the calcification two weeks later, after treatment was begun. 


and had begun three or four weeks before. The patient remembered no recent injurj' to the finger, and, 
since he was an office worker, minor injuries due to his occupation were unlikely. He stated that in 1935 
he had injured the finger while playing football, but had had no trouble with it until recently. No other 
joints were affected. The past history was unremarkable. The patient’s chief complaints were pain, 
swelling, and limitation of motion of the distal interphalangeal joint of the right middle finger. 

The physical examination was negative, except for some caries of the teeth and for the right middle 
finger. This finger was moderately swollen about the middle phalanx on the volar aspect; it was tender, 
and there was limitation of motion of the distal interphalangeal joint. There was no redness, adenop- 
athy, or fever. 

The roentgenographic report was as follows: “X-ray of the right hand reveals that there is a 
saucer-shaped area of ossification, measuring 15 millimeters in length, 7 millimeters in breadth, and 5 
millimeters in thickness, lying in the soft tissues anterior and proximal to the distal interphalangeal joint. 
There is also a spur from the anterior margin of the joint surface of the distal phalanx. These changes 
are probabb' posttraumatic, and probably related to such pathological changes as a tendinitis or m 3 'ositis 
ossificans.’’ 

The blood findings were as follows; 


Red blood cells 
Hemoglobin 
White blood cells 

Polymorphonuclear neutrophils 

Lymphocytes 

Eosinophils 


4.440,000 
90 per cent. 
5,950 

60 per cent. 
35 per cent. 
5 per cent. 


The urine was j’ellow and hazy, and gave an acid reaction; the specific gravitj'- was 1.026;' tests for 
albumin and sugar were negative. 

The tentative diagnosis was calcification of the deep flexor tendon, the tendon sheath, or both. 


Progress Notes 

On .\ugust 14 the diagnosis was still uncertain, but there appeared to be calcification of the tendoa 
at Us distal end, near its insertion near the spur on the volar surface of the base of the distal phalanx 
(Fig. 1). On August 16 surgical intervention was plaimed, and an aluminum finger splint was applied to 
the flexed finger. Bj' August 21 the swelling and inflammation had subsided eonsiderablj-. A furuncle 
had developed on the wrist, and surgeiy to the finger was postponed. The carbuncle was opened on 
August 22, and a dressing was applied. Dry heat, three times a day, was advised. By .Vugust 29 the 
carbuncle had practically healed, and no drainage was present. The finger was no longer sivollen or 
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Fig. 3 

Four inoiitlis Inter, hurcll 3 ' anj' trace of the ealeiiiin remains. 


painful. Roentgenograms sliowed a clis.ippeaiance of tli(> ealuiliealion (Fig. 2). The patient was to be 
dischaiged to dutj'. He was to return to the hospital, if nefe.-.'ary, anil to be followed in the clinic. 

The patient was seen again on January 11. 1915. .Vt that time he had no swelling, pain, or tender- 
ness of the finger, and the function was normal. .V small simr could bo felt on the flexor surface of the 
distal phalan.x. Roentgenograms (Fig. 3) showed onl.v the faintest tiace of the jirevioiis calcification. 
The patient was performing full duty, and had received no treatment to the finger since leaving the 
hospital, other than continuation of the splint for an additional two weeks. 


COM.MKXT 

This patient’s injury to his finger while playing football, nine years before, probably 
caused the spur on the distal phalanx. It is unlikely that this original injury was a factor in 
producing the calcification, because the patient was free from symptoms until shortly before 
admission to the hospital. The spur, however, may have been a contributing factor by 
causing local irritation during joint movement. The rapid disappearance of the calcium 
deposit, with rest alone, would tend to substantiate the latter hypothesis. Calcareous 
deposits, however, frequently disappear spontaneously without treatment, which invites 
speculation. Possibly in these cases a reversible local or general metabolic process is pres- 
ent, which, upon returning to normal, causes the absorption of the deposit. What effect 
the splint produced in this case, therefore, is uncertain. Until our knowledge of the etiology 
of these deposits is greater, the rationale of treatment cannot be entirely sound, which 
suggests that conservative treatment should always be tried first. 
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THREE INSTRU:^IENTS DESIGNED TO FACILITATE THE BANKART 
OPERATION FOR RECURRENT DISLOCATION OF THE SHOULDER =' 


BY CAPTAIN B. G. LAMBERT AND COLONEL THOMAS HORWTTZ 
Medical Corps, Army of the United States 

The operation described by Bankart in 1938 for repair of recurrent dislocation of the 
shoulder is admittedly the only anatomical and physiological operation which has been 
described for this condition. All other operations pro^dde substitutions and fail to correct 
the true cause of the disabilit 3 ’-, in spite of the fact that a high degree of success has been 
obtained with some of them. Bost and Inman, reporting ten cases of Bankart repair in 
1942, fully corroborated Bankart’s original contention that the basic pathological process 
is a tearing away of the glenoidal labnim from the anterior aspect of the glenoid fossa, 
with or without tearing of the anterior capsule. 

In spite of the fact that the aim of the Bankart operation is a simple one — that is, 
drilling two or three holes in 
the glenoid lip, passing sutures 


through the holes, and fixing 
the glenoidal labrum back in 
place by tying the sutures 
over the detached labrum — 
the procedure is actually 
fraught with numerous tech- 
nical difficulties, which prob- 
ably account for the failures 
(in a small percentage of 




Fig. 1: Curved Y-shaped 
“pusher” type of retractor 
for displacing the head of 
the humerus out of the op- 
erative field. 

Fig. 2-A: The right-angle 
drill, constructed by modify- 
ing a hand drill to fit the 
hand piece of a standard 
dental drill; used for drilling 
the holes through the lip of 
the glenoid fossa. 

Fig. 2-B; The hand piece 
of the dental drill, rvith drill 
attached. 


Fig 2- a 


Fig. 2-B 


’Presented at the meeting of the Chicago Orthopaedic Soeietv, Vaughan General Ho=pital, Hine= 
lllmoiB, .Vpnl 13, 1945. - j . - 
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Adapi of Housing 



Adaptor Drii'cr Slccifc 


V** 



Adaptor Collet 




Fig. 3-A 



Adaptor 


Fig. 3-B 

Adaptor Housing: Fits on tlie end of the drill and serves as an adaptor between tlie drill and 
the dental hand piece, which is locked in position by the hexagon at the end of the housing. 

Adaptor Driver Sleeve: Fits into the adaptor housing and transmits the actual power from 
the driver pinion to the adaptor collet; also serves to tighten the collet on sleeve lock in con- 
junction with the adaptor collet draw nut. 

Adaptor Collet: Transmits power to the stem of the dental hand piece. 

Adaptor Draw Nut: Acts in conjunction with the adaptor driver sleeve to tighten the 
adaptor collet on the stem of the dental hand piece. 

The Drill: Modification of a standard drill, No. 45, to fit the dental hand piece. 


cases) following this procedure. The operation has proved most difficult and trying to 
surgeons who have attempted its use, and for this reason other methods, such as the Nicola 
or Henderson operations, have been preferred. 

In performing the Bankart operation, three obstacles are at once apparent: The head 
of the humerus is directly in the operative field, and can be kept out of the way only by 
the determined efforts of one or more assistants. A straight drill can be introduced into 
the field only with great difficulty ; and, after the holes have been drilled, there is no suit- 
able instrument which will carry the sutures easily through the holes. 

Taking these problems in order, three pieces of equipment have been constructed. To 
facilitate constant displacement of the head of the humerus, a Y-shaped instrument was 
devised (Fig. 1), which is placed with the Y portion about the neck of the humerus, just 
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beloiv the capsule. An assistant on the opposite side of the 
operating table, by pressure on the handle, easily dis- 
places the head of the humerus posteriorly and laterallj’’, 
giving exposure of the entire glenoid fossa. 

The most difficult problem—that of constructing the 
drill holes — was solved by developing a right-angle drill. 

A few modifications were made in an ordinary mechanic’s 
drill, and a standard dental drill tip was attached (Tig. 

2-B) . The result is an instrument which expedites the con- 
struction of the drill holes in the glenoid lip. Even though 
this drill tip is small enough to be inserted between the 
head of the humerus and the glenoid, it has been found 
easier to work irom the medial side of the scapula and to 
drill toward the joint. Drill points are fastened into the 
dental tip by a snap lock, and, by being made flat on one 
side, they mesh with the driving mechanism. These drill 
points may easily be constructed from a standard drill, 
size No. 45 (Fig. 3-A) . 

The difficulty of passing the sutures through the holes 
was met by devising a right-angle suture carrier of a size 
to fit the drill holes. The tip of the carrier has a small 
hook, which catches the hea\'y braided silk suture and 
delivers it through the drill hole (Fig. 4). 

These three pieces of equipment are simple enough of 
design to be made by any qualified mechanic or brace 
maker; and, including the dental drill tip, they cost less than $15.00. 

In eight patients operated upon by the authors, the equipment just described has been 
used; and it has proved invaluable in facilitating a most difficult and tedious operation. 
On first using these tools in two cases, the authors have reduced the operating time to one 
hour and forty minutes and one hour and thirty minutes, respectively, from skin incision 
to dressing. It should not be assumed from this that the operation has been made simple 
in all cases Each author has encountered a case in which, for some unknown reason, the 
head of the humerus could not be displaced out of the field, and the operation was conse- 
quently difficult. It is felt, however, that, without the tools described, the Bankart opera- 
tion could not have been carried out in these two cases. 

The pathological findings in each case have sustained Bankai-t’s contention as to the 
basic lesion in recurrent dislocation of the shoulder. Since the eight patients have all been 
operated upon within the past five months, no end results are presented, although there 
have been no recurrences to date It is not the purpose of the authors to discuss the rela- 
tive merits of the Bankart operation; but they feel that the correction of the fundamental 
pathological process in any lesion, when possible, offers the most certain promise for 
physiological recovery 
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The nght-angle suture carrier, 
made of a size to fit the drill holes, 
with a small hook on the end to 
catch and deliver the suture 
through the holes. 
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Reports ol rupture ol the peetorulis major are I'are. Pulaski and C'liandlec suni- 
marizetl the literature on seventeen patients with this lesicui, and ineluded one case of 
their own. A nineteenth patient was deserihed hy Parkes. The [)resent |)aper adds the 
report of another ease. 

It would seem, however, that the condition is not so rare as the literature might lead 
one to conclude. Pulaski and C'handlee mention the statement of Saar, Bernhard, and 
others that "the injury is not uncommon in sports hut is infreciuently diagnosed". Bunnell 
mentions these ruptures, and describes their repair. 'The paucity of reported cases prob- 
ably is due to the fact that any one surgeon ustialh- encounters oidy a solitary instance 
and does not consider it worth reporting. 

Rupture of any of the lai'ger muscles is seen infrequently. For c.vample, review of all 
available record fdes at Charity Hospital of Louisiana in New Orleans, with admissions 
in some years ranging as high as 09,229, fails to reveal a single instance of rupture of the 
pcctoralis major. Indeed, the diagnosis of rupture of any muscle was infrequent. In a 
year’s work as orthopaedic surgeon for an infantry camp which had a total population 
(including turnover) of about 65,000 men, engaged in training of a violent and urgent 
character, the author encountered only three tears of large muscles or tendons, as follows: 
one each of the supraspinatus, the quadriceps femoris, and the tendo calcaneus. It should 
be noted that all of these injuries occurred in e.xtremities. 

Pulaski and Chandlec summarized the etioloy of the recorded tears of the pectoralis 
major, as follows: 

Group 1. Duo to senile changes 2 

Group 2. Due to direct violence 1 

Group 3. Due to strong pull on the contracted muscle 10 

Group 4. Combination of direct blows and violent pull 5 

Parkes ’s case comes undei' Group 3. 

The following case history falls into the category of rupture due to a strong pull on 
a normal, contracted muscle. 


CASE REPORT 

History 

A white male, aged twentj'-si.v, witli powerfiiJIy developed jnuscles, had been a nationally known 
football player in college. Aftei- graduation, he was employed as an engineer. In the course of his work, 
he entered a deep hole, bordered by a concrete wall. On attempting to climb out, he grasped the edge of 
the wall some distance above his head. His right forearm was on top of the wall, and his fingers had a 
good grasp of the far edge. Most of his weight (195 pounds) was suspended from his right upper ex- 
tremity. His left arm was helping to lift him by pushing from below. Because of the small diameter of 
the hole, he could not use both arms to equal advantage. Therefore, not much force was being exerted 
by the left upper extremity. 

As he tensed the muscles of his right upper extremity in attempting to lift himself, the patient felt 
a sudden, severe, tearing and burning pain in the area of the right chest, anteriorly. The upper extremity 
on this side immediately became totally disabled, but he managed to get out of the hole. 

Pain prevented the patient from using the right arm for about two weeks. There was no other area 
of pain, and the shoulder joint was normal. Any motion which stretched the right pectoralis major 
could not be performed, because of pain. Hemorrhage was noticed immediately after the injury. It 
began in the area of the right anterior axillaiy wall, but soon extended down the anterior chest wall to 
the region of the upper abdomen. It resulted in marked subcutaneous color changes, which persisted 

for a period of three weeks. 
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Because of the inability to use his arm, the patient consulted a surgeon, who correctly diagnosed 
the condition and advised suture of the muscle. The patient refused operation, however, and the only 
treatment consisted of application of a Velpeau type of bandage. Gradually, over a period of a month, 
strength returned in large measure ; but the patient has been aware of the fact that, since his injury, his 
right arm has not been quite so strong as it had been previouslj'. He stated, however, that he has always 
considered his residual disability as inconsequential. 

Physical Eiaminalion 

Eight years after the original injury, examination was performed for a minor condition not related 
to the muscle. The muscle injury was discovered during the course of the general examination. The 
patient had large bones and powerful muscles, but had not kept up his former athletic training. In the 
course of appropriate functional tests, the only abnormality which could be foimd was that muscle 
strength of the right pectoralis major was slightly, but definitely, decreased by comparison with the 
corresponding muscle of the intact left side. There was moderate flattening of the right pectoral area, 
most conspicuous at the deltopectoral junction. The flattening was not marked when the arms were at 
the sides, but was easily apparent when the arms were held in partial abduction, especially when re- 
sistance was exerted. The anterior axillary fold was more nearly vertical on the injured side than on 
the normal left side, so that the axilla itself was more shallow on the right. 

On palpation, the right anterior axillary fold was decreased in thickness about 50 per cent, more 
than that on the left side. In the anterior axillary wall, the entire thickness of the sternocostal portion 
of the pectoralis major was absent in a longitudinal area corresponding to the junction of the muscular 
and tendinous portions. Here a thin scar, about three centimeters long, connected the mid-portion of 
the tendon to the atrophied sternocostal portion of the muscle which remained. The sternocostal portion 
of the muscle was functioning, but it was decreased about 75 per cent, in mass. The cla\-icular portion 
showed only a trace of decrease in mass, and the abdominal portion was slightly decreased. Across the 
area of the tear in the muscle was a skin crease, where the skin had become slightly adlierent to the 
scar underneath. 

The slight degree of functional impairment in this case seems to be due to two factors : 
first, the transmission of muscle power through the scar to the tendon; and second, the 
minor role of the sternocostal portion of the muscle in the ordinary' use of the arm, as has 
been shown by Inman, Saunders, and Abbott. 
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CONCEALED CVST.S OF THE LATEHAf. MI-;N[SC[:s OF THE KNEE 

Ekpoiit of a Cash 


iJY li. .1. Dirnncii, m.d., oFM-Tir, mi.v.vhsota 

Cysts ol tlie luoiiisci are not uncoinnion, alllioiif^li only in ivfcnt years have tlicy re- 
ceived inueh attention. They are found most frerinently in the lateral meniscus. The 
diagnosis is, as a I’ule, not diilieult, as the cysts occur almost invariably at the outer margin 
ot the meniscus, and thus are palpable or visible at the time of e.xamination. 

Ollerenshaw reported in 193o that he had treated forty-two cases, of which thirty-si.x 
occurred in the lateral meniscus and si.v in the medial meniscus. Among these was “one 
case in which the cyst arose from the free Ijorder of the e.xternal cartilage and projected 
towards the middle of the joint, lying against the crucial ligaments”. This was found in a 
girl, eleven years old, who gave a history of a sprain of the knee at si.v years of age, and 
subsequently had occasional attacks of stilYness and locking. The operative approach was 
made through a mid-line incision, splitting the patella. ‘‘On retraction a cystic swelling, 
the size of a cherry, was found to be attached to the free f medial) edge of the outer semi- 
lunar cartilage and lying closely against the crucial ligaments. The cartilage was an un- 
usually broad one. It was e.vcised comi)lctely with the cyst.” 

In a survey of 110 {jublications on this subject, Sjovall reviewed 358 cases, including 
twelve of his own. Ho discussed at great length the etiological, pathological, and thera- 
peutic aspects of tliis condition. In this material he was able to find only one case of 
concealed cyst, — that reported by Ollcrcnsliaw. 


• C.\SE REPOUT 

Tlie patient seen b}' tlio autiior was a male, aj^ed thirty-two, wlio was employed as a sliipfitter’s 
helper. He was seen about two liours after he had slipped on tlie deck of a ship, twisting his left knee. 
This accident was followed by intense pain and mild swelling; and the knee was held in a position of 
slight flexion, from which it could not bo completely straightened. 

The man stated that four years before, while wching on a farm, he had had a similar, although less 
severe, injury to the same knee. At that time he had moderate pain, with no restriction of motion. He 
had recovered in about one week, and since then he had occasionally had slight pain. He stated that he 
had been rejected for military service, owing to this knee condition. 

Examination showed that the patient had a moderate limp on the left, and in walking the knee was 
flexed to about 30 degrees. Active motion in the left knee was present from 90 to 130 degrees; passive 
extension was obtained up to 170 degrees. On active and passive motion, pain was produced on the 
anterolateral aspect of the knee joint. No effusion was noted, but a mild pulflness spread anterolaterally 
over the joint space, and in this area there also was definite tenderness. No abnormal anteroposterior or 
anterolateral mobility was noted, and no pain was produced on attempts to rotate the leg. There was 
no point of tenderness elsewhere about the knee joint. 

Roentgenographie examination, including anteroposterior and lateral views of the left knee, showed 
no abnormality. 

The man was seen two days later, at which time his knee had become somewhat more painful. 
There was little or no change in the objective findings from those noted previousl 3 ^ A diagnosis was 
made of rupture of the left lateral meniscus, and it was considered advisable to undertake an exploratory 
operation of the joint. 

Operation, four days after the injmy, consisted of an incision lateral to the patella, with a longi- 
tudinal incision through the joint capsule. About 10 or 15 cubic centimeters of viscous, straw-colored 
fluid escaped from the joint. After the joint capsule had been opened, the anterior portion of the lateral 
meniscus was found to be detached and hypermobile; near the anterior pole of the lateral meniscus a 
small swelling was found, which had the appearance of a cyst. This was about one centimeter in diameter, 
and arose from the superior surface of the anterior portion of the meniscus. A similar cyst, about five 
by two by two millimeters in size, was found to arise from this *rea and to be separated from the larger 
swellin"' by about two or three millimeters. The meniscus was freed from its attachments and removed 
as far posteriorly as possible; the posterior portion was left intact. The incision was closed in layers. 
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The postoperative course was favorable, with the exception of a small hematoma, which developed 
in tlie subcutaneous tissue; this was evacuated several da 3 's after the operation. 

The man returned to his former work seven weeks after the operation. He was seen again about 
three months after the operation, at which time he stated that he had been working regularlj\ He had 
no complaints of pain or other disabilit 3 ^ Motion in the knee was present from 75 to ISO degrees; there 
was no tenderness or effusion, and power of the knee in extension and flexion was estimated at SO per 
cent, of normal. 

The pathologist’s report, limited to a description of the larger c 3 ’st, is as follows; “Macroscopicall 3 '. 
the specimen consists of a c 3 ’st one centimeter in diameter, with rather thick walls (two millimeters) and 
smooth inner surface. The C 3 'st is attached, over an area of about one centimeter in diameter, to a base 
of fibrocartilage. Microscopicalh’, the C 3 'st has thick, fibrous walls with few cells. The nuclei are small 
and the interstitial tissue is extensiveb' h 3 ’alinized. The C3'3t is lined with a s 3 'novial-like membrane, 
with flattened cells. There is no inflammator 3 - or neoplastic t 3 -pe of proliferation or infiltration.” 

COMMENT 

This case is of interest for the reason that cysts arising from this location are evidently 
very rare. There is no certain way of determining the time of origin of the tumors in this 
case, and it is questionable whether they were the cause of any part of the patient’s com- 
plaints. It seemed at the time of the operation that the detachment of the meniscus was 
probably the cause of the man’s disability. From the location of the cj-sts near the anterior 
pole of the meniscus, it is probable that during motion there was no serious distm-bance, 
as the tumors probably receded into the intercondylar space, and in this manner escaped 
compression by the lateral condyle in full extension. 

REFERENCES 

Ollerexsh.\w, Robert; A Further Mote on the Development of C 3 ’sts in Connection with the Semilunar 

Cartilages of the Knee-Joint. British J. Surg., 23; 277-279, 1935-36. 

Sjov.wl, Helge: Cber Memscusganglien. Acta Chir. Scandinavica, 87 ; 561-583,1942. 



( 


I'’OOT KXKKCrSEPv 


IIV CIIAIU.KS F. SCHHOKDKH, KVAX.STUX, ILLLVOJ;} 


'Tile loot exi‘r('i.ser descrilied lieri’in was desi'^iied to meet the need for some device for 
the bedridden patient wliieli would provide easily regulated resistance to both dorsal and 
plantar (lexiou ol the toot. I'he e.xen'iser tills these retiuirements in that it permits ade- 
quate control over the anuiunt ot resistance to Ilexion, the ran; 4 e of foot motion, and the 
duration of active motion. It was intended primarily for the patient with a leg fracture, 
but it may be used tor any condition where active resistive foot motion is imlicatcd. 

I'igures I and 2 illustrate the way in which resistance to dorsal and plantar flexion 
is created. The exerciser is shown, viewed from the side, mounted on a Thomas leg splint. 



Fig. 1 


Tin; exei'ciser is placed on the frame of 
the Thomas splint, with the base piece of 
the exercisi'f above the frame and the flat 
metal bar of the clamp attachment below. 



Fig. 1: Resistance to Plantar Flexion: In order to obtain plantar ile.xion of tlie foot, tlie patient 
must overcome tlie putt of tlie tower sot of weigiits. 

Fig. 2: Resistance to Dorsal Flexion: Tlie lower rope has been removed from the bottom hook of 
the foot piece. In order to obtain dorsifle.\ion of the foot, the patient must overcome the pull of the 
remaining set of weights. 


The exerciser is then moved on the frame until the patient’s foot and the foot piece are 
closely approximated. There it is immobilized by tightening the two wing nuts of the 
clamp attachment. The patient’s foot is then secured to the foot piece with an elastic- 
type bandage. (Movement of the foot is prevented by adjusting the stop to hold the foot 
piece in the upright position.) When active motion is desired, the stop {shown in Figure 
3) is first unscrewed until only a few degrees of flexion are possible. The threaded rod of 
the stop can be set at any desired position, and therefore the range of foot flexion can be 
rigidly controlled. The active motion may be free if no weights are attached to the foot 
piece. 

When active resistive motion is desired, the two ropes, which support weights, are 
attached to their respective hooks, as illustrated in Figure 1. The individual needs of each 
patient may easily be met by regulating the range of foot motion, adjusting the amount of 
weight used for resistance, and prescribing the duration of active motion. In the case of a 
fracture, the three factors are increased within the limits of pain, muscle spasm, and safety 
to the healing bone. When the patient can tolerate unlimited activity, the stop is un- 
screwed until it no longer interferes with foot flexion. In the early stages of the fracture, it 
is advisable not to exercise the foot against resistance to plantar flexion. The counter- 
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pressure against tlie base of the foot, 
transmitted axially, may tend to dis- 
rupt the continuitj’- of the fracture. 

The possibility of development of 
foot drop is very unlikely, because the 
patient exercises his foot against re- 
sistance to dorsal flexion; and when- 
ever the patient relaxes his foot, it is 
automatically pushed into the upright 
position. This is done automatically 
because the weight pull for resistance 
to plantar flexion is sufficient, against 
the counterpull of the other set of 
weights, to maintain the foot upright. 

The foot may be kept upright by set- 
ting the stop. 

The exerciser may be used on plas- 
ter-of-Paris casts. The part of the 
cast covering the patient’s foot, ankle, 
and tendo calcaneus may be removed. 

A Pearson attachment or small Thomas 
splint is then incorporated, wdth plas- 
ter bandages on the cast. The frame 

of the splint should be parallel to the leg and one-half inch below the center of the ankle. 
The exerciser is then mounted and used on the frame, as has been previously described. 
The Pearson attachment can be incorporated in the cast when it is first applied, if foot, 
ankle, and tendo calcaneus are not covered. The motion of the foot, including lateral 
motion, is well restricted by immobilizing the foot piece with the stop, and securely band- 
aging the patient’s foot to the foot piece. 

The exerciser is also capable of producing powerful dorsal fle.xion of the foot, and 
can therefore be used in the conservative treatment of a shortened tendo calcaneus. The 
patient’s leg is first immobilized by placing it in a cast or in a Thomas splint. If a Thomas 
splint is used, it is necessary to use countertraction to the skin to maintain the close ap- 
proximation of the patient’s foot to the foot piece. In order to create dorsal flexion, the 
upper rope pulls in the opposite direction from the lower one ; and the pull of both weights 
combines to produce a powerful, easily regulated dorsal flexion. 


Fig. 3 

The stop can be seen on top of the base piece. The wing 
nuts of the clamp attachment are on either side of the 
threaded rod of the stop. The main hinge of the foot 
piece coincides with the axis of the ankle joint. 



SAMUEL FOSDICK JONES 
1874-l!)ltt 


S. Fosdic'k JonoM, known to liis lio.-^t of fricnd.s iilTfclionatcly as “Dick”, died March 21, 1946, in Los 
Angolcs. Horn in Cincinnati, Ohio, Ani;nst 4, 1874, he attended Hill School at Poltstown, Pcnnsylv.ania, 
Massachusetts Institute of Technolofry, and, finally, the College of Physicians and Surgeons (Columbia), 
Now York, whore he was graduated in 1902. His iwofe.^.Monal career started in New York as an intern 
at the Presbyterian Hospital, The New York Eoundling Home, and the Hor^pital for Ruptured and 
Crii)i)led. In llie latter institution, while working under Dr. Virgil P. Oibne^', he became interested in 
orthopaedic .surgery. This as.>ociation developed into a lifelong and unusually clo.se friendship, and 
Dr. Gibno.v’s i)icturc alw.ays had a prominent {dace .among the many idiologr;ii)hs in Dr. .loncs’s libraiy. 

Because of his health, ho wa.s sent to California; after a rest of about a year in Pasadena, he went 
to Denver, where lie started in practice in 1906. This city always had a warm s|)ot in his heart for, as 
ho saiil: “It gave me my health, my {iraetice, and my wife”. In 1910 he was married to Mary Catherine 
Cordes. 

For twenty-four years in Denver, he was active in the {iraetice and teaching of his specialty; he was 
Professor of Ortho{iacdic Surgery at the Universitj' of Colorado School of Medicine, and at the time of 
his death was Profe.ssor Emeritus. In lOliO ho had to retire on account of (loor health. His last years were 
spent in Pasadena, California. 

In addition to membership in The American Ortho{)aedic .V.-sociation, of which ho was at one time 
Vice-President, Dr. Jones belonged to the Western Surgical Association, Clinical and Pathological 
Society of New York, The American .Veademy of Ortho{)aedic Surgeons, American Medical A.<sociation, 
and American College of Surgeons. 

Pie was, above all. a gentleman in every sen.se of the word. In siiite of poor health, he continued his 
work with courage as long as was {lo.'-siblo. He was characterized by his determination to succeed in 
spite of his many handicaps, ami by the great bravciy with which he met each .succeeding illness. “Life 
was a wonderful adventure to him.” 


DAVID SILVER 
1873-1946 

David Silver was born in Wellsville, Ohio, March 16, 1873, the son of David Silver and Nancy 
Elizabeth Hammond Silver. He was graduated from E.xeter Academy and Harward Universit}^ After he 
had received his degree of Doctor of Medicine from Harvard Medical School in 1899, he did postgraduate 
work in Germany and Austria until 1901. Soon after his return to this country he entered upon his 
practice in Pittsburgh. He actually established orthopaedic surgery in Pittsburgh, and achieved out- 
standing success in this field. 

Dr. Silver was Professor of Orthopaedic Surgery at the University' of Pittsburgh for many years, 
and later was Professor Emeritus. He was head of the ortho{Daedic department of the Allegheny General 
Hospital, Pittsburgh, for thirty years. From the time of its establishment in 1919 until 1944, he was in 
charge of the D. T. Watson Home for Crippled Children, at Leetsdale, Pennsylvania. He was consulting 
orthopaedic surgeon at Children’s Hospital, Pittsburgh Hospital, and the Industrial Home for Crippled 
Children. He was Orthopaedic Consultant for the United States Army during AVorld War I, in the 

Surgeon General’s office. • r i 

He contributed to the literature many publications dealing with orthopaedic problems. His medical 
affiliations included the American Medical Association, the Medical Society of the State of Pennsylvania, 
the Pittsburgh Academy of Medicine, The American Board of Orthopaedic Surgeiy, The American 
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DAVID SILVER 


Academy of Orthopaedic Surgeons, and the Clinical Orthopaedic Society. He was a Founder and Fellow 
of the American College of Surgeons. He became a member of The American Orthopaedic Association 
in 1906. served as President during the year 1916-17. an<l was always deeply interested in the work of 
the -Association. 

Dr. Silver died at Orlando. Florida, March 22. 1916. His wife, Elizabeth Roadman Silver, survives 
him. 



iNews JNotes 


REPORT FROM THE COMMITTEE ON POSTGRADUATE TRAINING IN 
ORTHOPAEDIC SURGERY AND THE OFFICE OF ORTHOPAEDIC INFORMATION 

Since Ihe Iasi i'e])ort, made in The Jourmtl oj Hone and Joint Surgery (Vol. 28, pages '101-'103, April 
1916), tlie activities of this Committee and Ollice have continued. 

As of Jnne 1, this ollice has tlic names of 192 medical veterans wlio liave been discliarged from the 
Service and who are desirous of immediate training, and tlie names of eigldy-fivc who arc still in the 
Service, hut expect to lie discharged during 1916 and wish their training to start during the present year. 
This figure is to be compared to the last report of 220, an increase of fifty-seven. There arc forty-eight 
men in the Service who have sent inciuiries to this oflice and who desire training when they have been 
discharged, which will be after Jamiaiy 1, 1917. This office has been notified of only an occasional 
vacancy. One hundred and fifty-nine letters regarding, vacancies have been sent to men desirous of 
training. 

Since the last report, there havi' been thirty-seven additional orlhoiiaedic services approved for 
training. This figure, added to the 110 previously apiirovcd, makes M7 single or combined orthopaedic 
services accreditctl for training at this time. Nearly all of the civilian hosiiitals, which formally applied 
for approval of orthopaedic training, have now been pa.'-'.'cd on by the Council on Medical Education 
and Hosiiitals of tlie American Medical Association and by The American Board of Orthopaedic 
Surgery. The number of a])provcd residencies at the pre.-<ent lime is aiiproximatcly -153. 

Since the Aiiril reiiorl, many of the Veterans Hospitals have estalilishcd their Services, which are 
now in operation. There have also been api>roved Services established in six Army Hospitals, nine 
Naval Hospitals, ami one Marine Hospital. 

This office continues to have many inquiries from fully trained orthopaedic .•surgeons regarding 
locations for practice and from Diplomates of the Board looking for trained a.^.-istants. The Office of 
Orthopaedic Information will continue to carry on this phase of the work. 

.'1. R. Shands, Jr., M.D., Secretary 

June 1, 1946 


THE BRITISH ORTHOPAEDIC ASSOCIATION 

The Spring Meeting of the British Orthopaedic A.'^sociation was lield at the Roj'al Victoria In- 
firmaiy, Newcastle-on-Tyne, on May 24 and 25, under the presidency of Mr. George Perkins, M. C. 

The Robert Jones Prize for 1945 was presented to Mr. S. Papjjworth, M. Ch. (Orth.), Sheffield, 
for his essay on “Primary Treatment of Lacerations of the Hand’’. 

Mr. H. Jackson Burrows paid a graceful tribute to the Australian Orthopaedic Association, in whose 
Annual Meeting at Sydney he and his colleagues at the Royal Naval Hospital liad been privileged to 
participate. 

Mr. E. A. Nicoll reported upon 150 miners who had suffered fractures of the thoracic or lumbar 
spine, which he classified as (a) simple anterior wedge fracture, (b) lateral-marginal fracture (whose 
special features he defined), (c) fracture-dislocation, and (d) fracture of the neural arch. The results of 
simple wedge fractures did not depend necessarily upon the presence or absence of deformit 3 ". Hj'per- 
extension treatment would not promote repair of a concomitant injury of the intervertebral disc, and 
was itself often a source of chronic lumbar strain; consequentlj’’, Mr. Nicoll now preferred early e.xer- 
cises, with no more restraint than bed rest. 

Mr. J. K. Stanger dealt with cases of fracture-dislocation of the spine, which occurred mostly in the 
thoracolumbar and mid-cervical regions. Paraplegia was commonest, with injuries at the narrowest 
parts. Recoverable cases of paraplegia could not be distinguished from those that were irrecoverable, 
and consequently reduction should be attempted. When open reduction was done in cases with locked 
facets, partial facetectomy was rarely required ; and exposure might even reveal that spontaneous reduc- 
tion had begun, only hyperextension being required for its completion. Although the results of open re- 
duction in these cases with locked facets and paraplegia were exceedingly disappointing, and although 
closed reduction could be achieved, Mr. Stanger did not yet feel able to advocate closed reduction as the 
usual procedure. Fixation was by plaster jacket or. if posterior structures were fractured, by plaster bed. 
Hedislocation, which was frequent, did not cause recurrence of cord symptoms and was often followed 
Ly bony ankylosis. The first evidence of recovery from paraplegia might appear as late as six weeks 
after the injury, and the extent of delay was no measure of the prognosis. Patients in various degrees 
of recovery after paraplegia from fracture-dislocation were shown. 

Mr. W. Grant Waugh gave a restrained account of his studies of the pH of acute and chronic joint 
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.effusions, and, of his attempts to modify the pH by the injection of appropriate liquids. A clinical esti- 
mate was given of the results of treating the joints in osteo-arthritis and rheumatoid arthritis by intra- 
articular injections of a solution of lactic acid and procaine of approximately constant pH. The injec- 
tions were followed by exercises and later by manipulations, which were facilitated by the injections and 
formed an integral part of the treatment. Procaine solutions were not a satisfactory substitute. Mr. 
Waugh asked for trial of the method by others. Some present were able to report encouraging results. 

Mr. Pridie advocated excision of the calcaneus in very severe cases of comminution, and showed 
film strips to demonstrate the supple feet, good gait, and powerful plantar flexion which might follow 
this procedure, if continuity of tendo calcaneus and plantar fascia was maintained. He considered that 
the subcutaneous fibrofatty pad and the partially regenerated bone provided a serviceable heel. In the 
lively discussion which followed, the consensus was in agreement with Mr. Pridie’s condemnation 
(following Eastwood) of immobilization of these fractures; strong in advocacy of early movement 
witliout weight-bearing; but condemnatory of so drastic an operation, and particularly of its perform- 
ance through a longitudinal dorsoplantar incision. 

Mr. E. W. Knowles had found that mid-tarsal dislocation might follow either a fall from a height 
or a torsion injury, such as that resulting from a fall with the fore part of the foot trapped. Reduction 
was very insecure. Consequently he advocated ti-ansfi.xion of the joint with a Kirschner wire, passed 
through the navicular and talus, and incorporated in plaster-of-Paris for four weeks. 

Mr. J. B. Reid had investigated the results of McMurray’s displacement osteotomy of the femur 
in osteo-arthritis of the hip and in ununited fractures of the femoral neck. Of thirty-six patients with 
osteo-arthritis, twenty-eight were completely relieved of pain. Among thirteen patients with ununited 
fractures, union followed in seven and one patient died. 

Mr. P. H. Newman, D.S.O., M.C., discussed the clinical diagnosis of fat embolism, which had been 
frequent in war injuries and, if sought, would probably be found to be correspondingly frequent in civil 
life. Mention was made of the psychological changes, pyrexia, tachycardia, increased respiratory rate, 
raised blood pressure, petechiae of characteristic distribution, fundus changes, presence of fat in the 
last-voided urine, and the lack of information given by the sputum. The importance of efficient splint- 
ing and transport of patients with fractures was stressed. Mr. Newman had ligated the deep femoral 
vein in two cases, in one of which recovery occurred. 

Mr. A. Graham Apley gave a preliminary demonstration of a test designed to aid discrimination 
between meniscal tears and sprains of the knee. 

Clinical cases shown included unilateral adolescent cox’a vara (slipped upper femoral epiphy.sis) 
in a father and each of his twin sons (by Mr. C. Gordon Irwin) ; tendon transplantations (by Mr. J. 
Gilmour and Mr. David Brown) ; melorheostosis and osteoid osteoma (by Dr. W. Mackenzie) ; and 
some results of nerve suture (by Mr. F. G. St. Clair Strange) . 

Mr. John Gull demonstrated an ingenious armchair for invalids, which would hoist the patient 
onto his feet in an upright position or, conversely, lower him gently into the sitting position, the power 
being provided by an electric motor. 

At the business meeting, the following were elected to membership; 

Full Members: 

J. G. Bonnin, F.R.C.S., Newmarket 
Major John Charnley, R.A.M.C. 

B. Keon-Cohen, F.R.C.S., Melbourne 

A. B. Pain, F.R.C.S., Leeds 

I. S. Smillie, O.B.E., F.R.C.S., Edinburgh 

Associate Members: 

J. F. M. Frew, F.R.C.S.E., Aberdeen 
George Hay, F.R.C.S.E., Brechin 

L. Henry, F.R.C.S., Cheltenham 

B. Isserlin, F.R.C.S.E., Bristol 

Lionel E. Jones, M.S., F.R.C.S., Sutton, Coldfield 

H. G. S. Korvin, F.R.CB., Stoke-on-Trent 

Walter Laurence, F.R.C.S.E., Oswestry 

W. C. Lawrence, F.R.CB.E., Coventry 

H. B. Lee, F.R.C.S., London 

R. N. Martin, F.R.CB., Norwich 

St. J. G. O’Connell, F.R.CR.E., London 

C. M. Squire, M.R.C5., Chesham 
Dr. Meriol Wagstaff, Bristol 

M. E. Winston, F.R.CB.E., Inverness 

It was announced that the 1946 /Vnnual Meeting would be held in London on October IS and 19 
and that the 1947 Spring Meeting would take place in Exeter. 
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Ciimuiuiii: i)i; i.a main: Liviii: du (’iiiiiUiHan.v. Ciiiuuiian: in':i\\u.m<iri: iidh Tiivu.MATi.sMr.s de la main. 

AliU'c Leliii. Pari.s Aln.'.-'On oL Ma iVaiic.-i. 

Olio caimot help expie.''.'iii>' a wonl of admiration for tho cnoii^y and coiiraf’o which impel men to 
faliek to their appointed ta>krt when "the «uing is tonsil’’. One can vi.sii.-dize a few of the many dilficulties 
that must have been overcome before Ihi.i volume appeared in iirint, and everyone interested in the 
surgery of the hand will join in eNtending eongralulation.s to the author on hi.s achievement. 

In a concL-e ela.-sificalion of the le.''ions which nv-'iilt from injury, I.-clin divide.s them into four 
groups; those with lo.ss of the hand or a part of it; tfio.M; with digit-s rigid (ciiraidis) a.s a re.sult of joint 
involvement; thoi-e with digits fixed by scar liV-Mie (hiiden); and those with lo.'.s of active movement, 
due to iX'ia-e or tendon injury (fnertc.s). 

Afti'r a iirief discus-ion of tin* principle.s of .s](linting and of variou.s forms of iiiiysical therapy, the 
author di.scii.s.ses, in turn, joint lesions, injuries aiut loss of tiie covering ti.'.sue.s, tendon injuries, and 
nerve injurie.s. In the three final cliaptm-s he considers (he problems of painful .stump.s, of replacement 
of injureil digits (with especial enqihasis on the (hiimb), and of .siib.stitutes for the amputated hand. 

In his discimsion of tendon injuries (forty-eight (lagcs of the total of 230), the autlior follows along 
the lines outlined in Ids earlier woik on .surgmy of tlu* hand, lie gir'es credit to Bunnell for many of the 
fundamental iirincijilos rlcscribed, and in the main the technical {»roce<hires described are well illustrated. 
One would bo glad to .-ee more dlu.strations of the ie^iill.> that liave been aeliieved. In his di.scus.sion on 
rc-formalion of the thumb (thirty-three iiagi's), the author include.s illustrations from Saucrbnich, 
Lo.xer, and tie Cybr, in addition to several of his own. It is diflieult, however, to convince oneself that 
the results obtained justify the extensive surgical jirocedtircs described. 

Without agreeing with all the procedures and suggestions which Isclin recommends, one must 
recognize his serious and entluisiastic ctfort to raise the standards of surgical care for patients with hand 
injuries'. For that effort ho deserves every commendation. 

A Histoky of Mudicine. Douglas Guthrie. M.D., F.R.C.S. Ed., F.R.S.E. Philadelphia, J. B. Lippincott 

Companj', 19-16. $6.00. 

It is difficult to cominchend the attitude of medical practitioners who are not concerned with the 
hislorj’’ of the profession which they have chosou to follow. There is, however, no doubt that this is the 
prevalent attitvidc, Pos.«cssiou of this volume of Guthrie’s would do much to dis'pel this attitude, for it 
not only cites the development of the art of medicine as it took place in successive periods of the 
world’s history and in the hands of different nationalities', but it brings into the picture the part played 
by the outstanding practitioners in those different periods in a way that makes the narrative more 
interesting than is often tiie case in medical histories. Toward the end of the volume the author deals 
with the rise of specialization and of prci'cntive medicine, and finally devotes a number of pages to 
medical journalism and bibliography. 

A feature that adds greatly to the value of the book and should encourage tho reader to go further 
in his studies is the list of references which liave furnishefl the material out of which this volume lias 
been, to a considerable extent, compiled. 

Everyone in practice, as well as those in the process of acquiring their medical training, should 
pos.sess this book. 

El codo sus practuiias r lux.\ciones (The Elbow; Its Fractures and Dislocations). Antonio H.-Ros 

Codornhi. (Coleccion de monografi'as sobre ortopedia y traumatologia, Vol. 2.) Madrid, Cirugla 

del Aparato Locomotor, 1945. 

This is an exceptionally good monograph on the elbow, and would be in a leading position in any 
lanmia^e. It is beautifully done, and the author has taken great pains to cover the subject completely. 

^Tbree chapters are given over to the embryology, anatomy, and biomechanics of the elbow. All of 
tliese subjects are discussed in great detail. The next ten chapters deal with specific types of fracture of 
the elbow, and they are treated according to anatomical types and regions. The author has a detailed 
classification of elbow-joi.-i- fractures, wliich is on a sound basis and easy to remember. In each type of 
fracture the subject is treated under the headings of general considerations, physiopathology, patho- 
enesis pathological anatomy, symptoms, diagnosis, treatment, and prognosis. Excellent illustrations, 
h th drawings and roentgenograms, are presented. The author quotes end-result statistics, both his own 
nd those of other authors, which greatly enhance the value of the book. 

^ The author has the faeiilt}^ of combining the qualities of a textbook with those of an advanced 

1 ■ t restin'*' treatise. In general, the treatment of fractures of the elbow is along lines frequently 
used^by American orthopaedic surgeons. Treatment is completely up-to-date. There is considerable 
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tendencj' to btre» open leductions, m contrast to the evtensive use of traction which was in faior some 
time ago Approatlies for the \arioiis open reductions are dealt with in detail and are \ery well done 
The author has a number of original ideas His method of holding complete fractures of the 
^ olecianon reduced during open reduction is by use of a heai^y piece of wire, bent m the form of a very 
long staple with short points Roentgenograms illustrating his method show excellent reduction of the 
fiacture and letention of the fiagments In numerous other cases staples were used, as in the fracture 
of the trochlea, in winch a \eiy long, narrow staple was used Another of the authoi’s oiiginal ideas 
Is a somewhat complicated clamp for holding reduced badly comminuted or T fractures of the lower 
end of the humerus while internal fixation is being applied 

The Monteggia fracture is treated as a separate entity, a whole chapter being deioted to it 
Another entiie chapter is deioted to dislocations of the elbow', and a long and excellent chapter to re- 
constiuctiie surgeiy of the elbow joint Posttraumatic ossification, nerve lesions, and Volkmann's 
contracture are all treated in separate chapters 

Innumerable references to the literature are included, and many references to recent American 
publications were noted A good bibliography, diiided according to subjects, is placed at the end of the 
book All in ^11, It Is an excellent book and will pro\ e of great value to its readers 

Trutemext orthopedique de l.\ par\lisie infantile (Orthopaedic Treatment of Infantile Paraljsis) 
M Boppe Paris, Masson et C‘®, 1944 140 francs 

Fiom the pieface to its short terminal bibliography, this small monograph impresses the reiiewer 
bj Its essential sincerity and good common sense It does not pretend to the dignity of a reference 
book, but it obiiously represents the wide personal experience of the author m the treatment of all 
stages of infantile paralysis In all its phases, pohomyelitis is the orthopaedic disease par excellence 
With the exception of electrotherapy, all modalities of treatment — reeducation, mobilization (passii e 
or instrumental), the making of braces, and surgical mter\ ention— are strictly withm the domain of the 
orthopaedic surgeon Although there is eiidence in the book that the author is well aware of what is 
happening throughout the medical world, no mention whatsoever is made of Sister Kenny oi the tieat- 
ment which she adiocates 

Throughout this work, the author constantly stresses the importance of new mg the patient as a 
functional unit He believes that the orthopaedic surgeon who views liis patient solelv from the 
mechanical or morphological point of new often commits the worst of theiapeutic eriors It is not a 
question of what operation can be performed, but of what must be undertaken Boppe states that 
Nature, which we imitate, often finds a solution superior to that which we possess, and there aie cases 
in which refusal to operate is more laluable than an aggressive therapy Consenatne methods and 
the weanng of apparatus designed for temporary or permanent use is the keystone of therapj Suigery 
13 to be emplojed principally in the last stage of the disease Surgical treatment has the sole objectne 
of freeing the patient from the use of apparatus 

With this point of \iew, the author divides his work into two parts The fiist part is conceimed 
with such topics as the mannei of examination, the prevention and treatment of poor positions, and 
the general treatment during the stages of recuperation and residual paralysis A chapter is dev oted to a 
consideration of each ol the following topics the paralytic foot, the paraljtic knee, the paralytic hip, 
the paralj tic trunk, the paralytic upper extremity, and the extensiv e monoplegias and paraplegias of 
the lower extremity The work is sparsely illustrated with Ime drawings and a few roentgenograms 
However, the text is so clearly thought out and so concisely expressed that the want of illustiations is 
not particularly felt 

hile It adds nothing new , this is such an excellent clinical monograph that both the student and 
the teacher vv ill find it profitable readmg 

Surgical Treatment of the Nervous Sastem Edited by Frederic W Bancroft, AB, MD, F_A CB , 
and Cobb Pilcher, M D , F A CB , Philadelphia, J B Lippmcott Company, 1946 SIS 00 

Thio outstanding work, to which contnbutions of chapters or sections have been made bv 'eventeen 
well-known American surgeons and neurosurgeons, is a companion piece to Bancroft and Murray’s 
“Surgical Treatment of the Motor-Skeletal S>stem” It presents detailed and comprehensive descrip- 
tions of manj special technical methods, and includes a consideration of the surgerj' of the vanous 
disorders and lesions which comprise the field of neurosurgery 

A Urge proportion of the book is devoted to cranial and intracranial surgerj', other sections deal 
with burgorj' of the spinal cord, surgical lesions of the peripheral nerves, surgerj' of the -vmpathetic 
ncivoub sjstera, and the relation of chemotherapeutic agents to neurosurgeiy It has excellent illu-tra- 
tions including a few color plates 

This Is a carefully and critically prepared work, dealing with a complex and specialized field of 
suigerv, but it will have grcit value for the general surgeon as well as for the speciali-t m the field of 
neuiO'Uigerv It cannot be recommended too highlj' 
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riixicii.MX Tiikkai-v and CoNTiiOL IN 21 AitMA' Giioui*. Piiblirilicci uiulcr the direction of tlie Director of 
Mcdiciil Servicc’.s, 21 Army Group, with Introduction by tlio Conoiilting Surgeon, Printing and 
Sliitionery Service, Brilisli Army of Die Itliino, May 1915. 

'rids book records observations and investigations carried out in Brilisli and Canadian hospitals of 
21 Army Grou]! in the European Theater throughout the Continental OlTensivc. It would appear that 
this was the first British Army grouj) to receive unlimited supplies of jienieillin, — sufneient for parenteral 
therapy, 'Phe various re[iorts furnish an interesting se<iuel to the observations of Florey and Cairns upon 
the local use of penicillin. 

Acknowledging the essentiality of inimary surgery, the authors accredit penicillin as a major factor 
in the diminution of wound .seiisis. Sulfonamides were found to be unnecessary, and an undesirable 
suiiplement to iiarenteral jienicillin therapy in wound management. Penicillin was preferred by many 
surgeons for alidominal wounds. 

'Phe advantages of the parenteral route, even at the most forsvard surgical levels, were established. 
Supplemental local chemothcrajiy was widely use<l, especially for wouiuls of the knee joint and chest, 
A powder of calcium penicillin and iilasma failed to prove elTcctive in the local treatment of burns. 

Penicillin is considered to have contributed to the exiiamled i>rogram of delayed primary suture; 
“Since the advent of penicillin the ha.so hospital surgeon has hecome an animated sewing machine”. 
The various contributors cmiihasize the tcehnie.al det.ails of wound management rvhich iire essentia! to 
success. 

In summary, tins volume records a series of “niudoin samples’’, .-utiicient to grant significance to the 
general conclusion that parenteral penicillin therapy lias contributed to a conspicuous absence of wound 
sepsis. The consideration of technical details of wound management further identities those report.^ as 
important source material for tlie medical historian of World War II. 

Acciokntes VASCin,.\m;s m: los .mie-Miiuos (Vascular Accidents of the Limbs). F. Martorell. Barcelona, 
Salvat Edi tores, S. A., 1915. 

Martorell, as ciiiof of tlie section in \-ascidar surgery at the Poij’cliuic Institute of Barcelona, has 
Imd a wide e.\pericnco in disturbances of the circulation. Many of these disturbances appear suddenly 
and lead to serious complications. For these, he considers the name vascular accitlonts to be most 
appropriate. The physiopathological mcebanksms, the .symptoms, and the treatment of these accidents 
are discussed. Arterial disturbances are discussed in Part I and venous disturbances in Part II. 

The book has many excellent sketches, which show the circulatory disturbance at a glance. In 
addition, case histories accompany the sections on treatment. This is a very effective method of 
presenting the material. The book is written clearly. In addition to the sketches, there arc many good 
pictures. An e.xtensive bibliography is added. 

An English edition of this work would be of great help, particularly to orthopaedic surgeons who 
see many disabilities associated with circulatoiy disturbances of the limbs. 

Anatomical Atlas of Outhopaedic Opeilxtions. L. S. Michaclis, M.D. London, William Heinemann 
Ltd., 1946. 25 shillings. 

This small book is based, quite properly, upon methods of approach and e.xposure. It is quite 
unambitious: detail is scanty; and alternative incisions, with their respective purposes and merits, receive 
only brief mention. It will be useful in helping the beginner to orientate himself, especially as there are 
references to original descriptions of operations; otherwise, it is in no sense a book of reference or an 
adequate guide to the aspiring orthopaedic surgeon. In short, it may be used as an early stepping stone 
to more thorough information. 

Traitement chirurcical de l’arthrite seche de la hanche. Suivi de travaux de la Clinique Ortho- 
PEDIQUE DE LA Faculte DE Lyon (Surgical Treatment of Osteo-Arthritis of the Hip). L. Tavernier 
and Ch. Godinot. Paris, Masson et C>e 1945. 150 francs. 

This volume of over 350 pages is divided into three parts. The largest amount of space is devoted 
to the treatment of clironic osteo-arthritis of the hip, especially by the method of enervation. The 
second part takes up the surgical treatment of other joints. The third part is largely a compilation of 
abstracts of articles on the treatment of many other conditions, — sudi as scoliosis, protrusion of the disc, 
and osteosarcomata. ... 

The first part presents an interesting review of the symptomatology and treatment of chronic 
osteo-arthritin of the hip. Treatment by means of subtrochanteric osteotomy, arthrodesis, and arthro- 
plasty are reviewed hastily. In the unilateral cases, arthrodesis appears to be the operation of choice. 
The authors believe that it is a heroic method, but the most trustworthy in the treatment of arthritis 
of the hip. However, the possibility of bilateral involvement necessitates arthroplasty on at least one 
■ 1 Of a series of seventeen cases submitted to arthroplasty, satisfactory results, both as regards relief 
o£ pain and ranse of motion, were obtained in twelve. 

Subtrochanteric osteotomy should be reserved mainly for the correction of an awkward position. 
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Its use as a primarj' treatment in arthritis is not entirely satisfactorj-, because it leads to limitation of 
motion. The shelf operation is recommended only when the osteo-arthritis is secondarj' to a congenital 
dislocation of the hip. The authors stress the importance of creating the shelf at the level of the bead, 
without traction. Drilling of the femur is useless, as it gives only temporary' relief. 

As a simple method of relieving pain, especially in those cases in which a more radical operation is 
contra-indicated, the authors recommend enervation of the hip. 

The sensorj- supply of the hip joint is derived through the posterior division of the obturator ner\-e, 
the femoral nerve, and the sciatic nerve. The anatomy of the obturator ner\-e and of the articular 
branch of the sciatic nerve is discussed, and the technique of section of these nen'es is described. 

Of fifty-seven cases in which the obturator alone was resected, immediate relief of pain was obtained 
in forty-five, or 82 per cent. With the lapse of time, however, recurrences were observed in a number of 
these cases. Six patients could not be followed, but, of the remaining fiftj'-one, fourteen were completely 
successful and five showed marked improvement. Thirty-one had return of pain, and of those who 
submitted to a secondarj' resection of the sciatic nerve, seventeen were immediatelj’ relieved of pain. 

The authors believe that this is the operation of choice in all cases in which the affection is bilateral 
or in which arthrodesis is contra-indicated. It is a simple procedure, which does not produce shock and 
does not reduce the range of motion in the hip. 

The second part of the book is devoted to an application of the principle of enervation to other 
joints, such as the shoulder, the knee, the ankle, the wrist, and the toe. The specific ner\-e to be cut 
and the technique of exposure are described in each mstance. The method is interesting and should 
have a definite field of usefulness where more specific therapj' cannot be applied. 

The Trauxi.\tic Deformities .vnd Dis.\biutie3 of the Upper Extremitt. Arthur Steindler, MU).. 

F.A.C5., in collaboration with John L. Marxer, M.D. Springfield, Illinois, Charles C. Thomas. 

1946. S10.00 

In these days when so much thought is being given to reconstructive surgerj-, this excellent book 
on traumatic deformities of the upper extremity will fill a real need. 

The different disabilities of the upper extremitj’ are grouped according to the type, nature, and 
extent of functional impairment, rather than by anatomical classification. Certain functional disabilities 
may result from different injuries. The plan of treatment may be similar, while the etiologj" of the 
traumata varied greatly. Moreover, accidents which appear veiy similar — such as fractures of a definite 
bone at the identical site — may result in deformities which are markedly different. Therefore, the 
emphasis has been placed on a functional classification of the conditions to be treated. It is recognized, 
however, that, from these unfortunate results, much can be learned about the value of the methods of 
the primary treatment. 

Part A is devoted to general considerations of traumatic disabilities of the upper extremity. In 
Part B are discussed the traumatic disabilities of the special parts, — as Shoulder Girdle and Arm, Elbow 
Joint, Forearm and Wrist, and Hand and Fingers. Under each of these large sections are considered the 
various types of disability and deformity; for each of these types is presented the pathogenesis, ^'mp- 
toms, and methods of treatment. Then follow illustrative case reports of each condition described, with 
references to others in the literature. About 260 of these case reports are presented, drawn not only 
from the authors’ wide experience, but also from current medical literature. 

The book represents a vast amount of study and careful, analytical thought. The publishers have 
presented this material in most attractive form. Surgeons for years to come, who will find this book of 
practical help, will be indebted to Dr. Steindler and his associates for this painstaking work. 

P.WHOLOGY IN Surgery. X. Chandler Foot, ilU). Philadelphia, J. B. Lippincott Company, 1945. SIO.OO. 

Dr. Foot, who is Profes.sor of Surgical Pathologj' at Cornell University Medical College, has made a 
careful selection of pathological conditions, which has resulted in a book that covers the subject ade- 
quately. His discussions are clear and are sprinkled with his characteristic whimsies. The volume is 
liberally illustrated, but the photomicrographs have not all been reproduced clearly ; this is particularly 
tnie in the section on skin. The author’s colored drawings might well have been omitted, for they 
undoubtedly added considerably to the cost of publication, without a comparable contribution to u.-e- 
fulness. The general format of the book is quite satisfactory^. 

The book opens with a chapter on technical and administrative suggestions for the surgical pathol- 
ogist, followed by discussion of the basic principles of inflammation and repair and the general pathologj' 
of tumors. The remainder of the volume covers in a unique way the pertinent pathology of the ti.-sues 
and organs, with emphasis, of course, upon those conditions with which the surgeon i.- cspeciallv con- 
cerned. including the nen'ous system and the skin. 

This hook is a convenient reference for the surgeon and for the hospital pathologi-t. It should 
prove valuable to both of these groups. 
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Tiik Manaohmknt oh Fhactuhks, Dislocations, and Shhains. John Albert Key, B.S., M.D., and H. Earle 

Coiuvcll, M.D., E.A.C.S. Ed. d. St. Loni-s, The C. V. Mo.sby Coinjiany, 19d6. .$12.50. 

This cxccllonl, work by Key and Conwcll, now in its fourth edition, is well on the way toward 
becoming a cla.«.de in its field. As eomjiared with previous editions, the principal changes in the present 
volume occur in the sections on (he hip, on injuries to the spine, and on the treatment of compound 
fractures and war wounds. A discu.s^ion of chemotherapy has been added as it affects various phases of 
treatment. Some of the old illustrations have been replaced, and new ones have been added. Methods 
of treatment which arc con.ddered ob.solete have been omitted, and e.xpcrience gained during the War 
has been included. 

This book ha.s earned and maintains an establDhed position in a field in which good texts abound. 
The original statement of the authors — that it was “written for the student, the general practitioner, 
'and the surgeon” — applies cquallj' to the mo.st recent edition. 

Motou Di.soi!I)KU.s i.v Nkhvou-s Di.sk.ssk.s. Ernst Her/,, M.D., and Tracy .J. Eutnam, M.D. Morningside 

Heights, New York, King’s Crown I’re.-s, 191G. .$3.00. 

Because orthoiiaedic .surgeons arc concerned primarily with disorder= of the mu.sculoskelctal system, 
this new textbook on motor di.'^ordcrs in nervous di.seases will be of interest to them. According to the 
preface, the authors intended originally to make a group of films, suitable for teaching, on motor dis- 
orders caused by various nerve dise.a.ses. It became apparent th.at a .syllabus to accompany the films 
wovdd be of value, and eventually this syllabus was expanded anil illustrative material was included 
by reproducing individual frames from the motion picture.s. 

The chapters on Involuntary Movements in Nervous Diseases, Disorders of Gait, Disorders of 
Coordination, Muscle Status, Reflexes, and Skilled .Acts will be hcliiful to orthopaedic surgeons. 

It is somewhat disapiiointing that the authors could not have analyzed, in more detail, disorders 
of gait can.'-ed by infantile paralysis and cerebral spastic paralysis. Due to the fact that the illustrations 
are taken from sixteen-millimeter motion-iricture film, they are not of particularly good cpiality. How- 
ever, they do present satisfactorily the various motor disorders as they occur clinically. 

This volume will undoubtedly find its greatest usefulnc.-s as an introductoiy' text for students of 
neurology and as a “refresher” for neurologists, neurosurgeons, and orthopaedic surgeons. 
fIosi>iT.\L Cauk of the Suitoic.iL P.vriE.NT. .A Suiioeon’.s II.iNniiooK. George Crile, Jr., M.D., and Franklin 

L. Shively, Jr., M.D. Ed. 2. Springfield, Illinois, Charles C. Thomas, 19-16. S3.50. 

The second edition of this timely handbook is more than a hundred pages longer than its prede- 
cc.ssor. Part of this increase is duo to the inclusion of an .Aj)ijendix on the tieatment of w'ounds, written 
by one of the authors and rejn'inted from Lewis’ “Practice of Surgery”. The material in the Appendix 
is in keeping with the rest of the volume, which is intended primarily for the use of surgical interns and 
house officers. 

The authors deal with the physiological princii)Ios in\'olvcd in the treatment of surgical patients, 
the treatment of the more common surgical complaints, and preoperative and postoperative care. 
There is an excellent and detailed section on the techniriue of common hospital procedures. A short 
section on the relation of the hou.se officer to the patient and another in which dosages and diets are 
disciLSsed close the main portion of the volume. 

In general, the handbook serves its purpose well, and should be extremely useful as a guide to jmung 
surgeons and busy interns. 

Pbecperative and Postoperative Treatment. Edited by Lieutenant Colonel Robert L. Mason, M.C., 

A.U.S., and Harold A. Zintel, M.D. Ed. 2. Philadelphia, W. B. Saunders Company, 1946. $7.00. 

The contents of this book of 5S4 pages are divided into two parts. Part I covers general preopera- 
tive and postoperative problems; Part II consists of similar discussions from a regional standpoint. 
Many of the chapters have been written by physicians who are recognized specialists in their fields. The 
subject matter represents, for the most part, the accepted teaching in Boston on each specific problem. 
The articles are amply and well illustrated. 

Recent advances in surgical care have been rapid, due largely to utilization of applied physiology, 
biochemistrj’-, bacteriology, and pharmacology. Accordingly, any authoritative consideration of surgical 
care must be recent. This necessitated rewriting practically every chapter in the first edition. This has 
been done with such meticulous care that the second edition will prove of great value to any physician 
who has to care for a surgical patient. Not only will he obtain invaluable aid on general problems, but 
he will also find helpful information concerning the specific region in which he may be interested. 

Although, for the most part, the contents of this book present the teachings which Boston accepts 
in regard to surgical care, a notable exception is the chapter on burns. Extraordinary achievements 
which have resulted from studies of burns during the AA'^ar are not reflected in this section. The state- 
ments on skin-grafting are particularly inadequate, because the Padgett dermatome and the very im- 
portant grafts taken with it are not mentioned. 

The book is concluded with a very useful Appendix, covering laboratory findings in the blood and 
- .urine in health and disease. 
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THE IklANAGEMENT OF PENETRATING WOUNDS AND SUPPURATIVE 
ARTHRITIS OF THE KNEE JOINT IN THE ^MEDITERRANEAN 
THEATER OF OPERATIONS 


BY COLOXEL 03C.\R P. HAMPTON, JR.® 
Medical Corps, Army of the United States 


The purpose of this report is to present e.xperienees in the iMediterranean Theater of 
Operations -with penetrating wounds and superimposed suppurative arthritis of the knee 
joint, and to outline a regimen of management which proved highly effective for these 
conditions. 

Penetrating wounds of the knee joint are serious wounds-®. The damage done when 
the wound was received is immediately prejudicial to subsequent function of the joint, 
and, of greater importance, each wound is potentially a site of suppurative arthritis. Once 
established, suppurative arthritis endangers the limb, and even the life of the patient 
Evidence of this is shown in the data supplied by Frankau in the British “Historj’' of the 
Great War” (World War I) . In the early stages of that conflict, the death rate fron. 
wounds of the knee joint was very high; amputations were performed in 60 per cent, o: 
the cases uncomplicated by injurj’- to the bone, and at least 80 per cent, of the patients 
with injury to the bone suffered the loss of the e.vtremity. With improved methods of 
management, the amputation rate fell to 25 per cent, in 1916 and to only 7 per cent, in 
1917, while the death rate declined to 8 per cent. Buxton, reporting 273 wounds of the knee 
joint treated in a Base Hospital during two Libyan campaigns in World War II, cites in- 
cidences of 34.8 per cent, suppurative arthritis, 4.4 per cent, amputation, and 1.8 per cent, 
mortality. These data established the fact that wounds of the knee joint are among the 
most serious injuries a soldier may receive. 

Prior to the invasion of North Africa, several authorities"'^"*®*-®^ had recommended 
similar plans of management for wounds of the knee joint which were seen early; these 
plans consisted of the surgical removal of foreign bodies, foreign material, and loose chips 
of bone and cartilage, thorough lavage, and closure of the synovial membrane or capsule, 
followed by immobilization. A thorough sprinkling of one of the sulfonamides into the 
joint also had been suggested®*. 

The value and necessitv of closing the joint in the surgical treatment of these wounds 
have been stressed repeatedly. Pool attributed the poor results in wounds of the knee joint 
in the earlj' part of Y orld Y ai I, in part, to ^an undervaluation, on the part of surgeons, 
of the resistance to infection which the synovial membrane of a joint offers”. Otlicr writ- 
ei.s®.s.io .22 have emphasized the apparent bactericidal or bacteriostatic pronertv of tlx- 
synovial fluid. With the joint closed, this property was considered more efiective. the 


* Dr. Hampton entered niilitan- service from tlip o. tt- i • ^ t- • 

St. Louis, and since his return is again associated with that Department. ^ a=hington Lniver^ny. 
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hazard of secondary intra-articular infection was obviated, the articular cartilage was not 
left exposed, and a greater return of function could he expected. 

For wounds seen late or after sei)sis had become established, these authorities recom- 
mended that closure of the synovial membrane be omitted, because closure was in direct 
conflict with the accepted i)rinciples of drainage for infected knee j(hnts. This modification 
of the regimen for cases seen late was recommended, ilespite the observations of Pool in 
AVorld AVar I and of others”’’---'’-"’''"’--''’ in the early phases of World "War II that, after the 
joint cavity luul been cleaned thoroughly, closure of the synovial membrane was permis- 
sible and was indicated for as long as twenty-four hours after the wound had been received. 

Although adeciuate drainage has remained a fundamental principle of the treatment 
of suppurative arthritis of the knee joint'-"-'--”’--" since World War I, the highly heralded 
Willems treatment'-'-"", consisting of forced active motion combined with drainage, which 
was advocated during that War, has not maintained favor'--'' and has been generally dis- 
carded, in spite of the fact that Steele stressed its advantages in 1929. In AVorld AVar I, 
Abbott utilized a posteromedial incision for drainage of the knee joint; since then, Ilender- 
son, Babcock, and Orr have recommended posterior inci.''ions for this pur[)ose. Parapatellar 
incisions, however, have been employed most jrenerally"-'-’-'"-" Immobilization in 
a Thomas splint or in plaster, after drainage had been established, has been customary. 
The same authorities, who recommemh-d the plan of management for penetrating wounds 
of the knee joint which has been outlined here, also recommended drainage for superim- 
posed sepsis which had become established in the joint. During aiul since AA'orld AVar I, 
the value of combining irrigations of chemical solutit)ns with drainage has been stressed'"’-". 

In contrast to open drainage, some authors"-"' recommended aspiration of the joint 
fluid in cases of blood-borne suppurative arthritis; for this condition, Jones recommended 
a small arthrotomy incision, thorough lavage, and then closure of the joint. These pro- 
cedures, however, were not recommended for suppurative arthritis complicating intra- 
articular wounds. 

The reported results in cases of suj>purativc arthritis of the knee joint, following 
wounds caused by missiles, were far from encouraging in AATrld AAhir I and in the early 
part of World AA^ar II -."".-"." 2 , spite of what appeared to be adequate drainage, in many 
cases the ravages of sepsis led to amputation of the limb or to death. Even if these mis- 
fortunes were avoided, many joints became totally destroyed by the septic process and 
fusion resulted. Ogilvic, although recommending drainage for patients with suppurative 
arthritis, stated that the battle against sepsis was usually decided within four days; if the 
septic process was not controlled in that time, amputation was usually necessary to save life. 

The French, in the last part of AA^’orld AA’’ar I and in the early phases of this AA'ar"", had 
accepted the belief that, once suppurative arthritis had become established, the joint was 
doomed and the patient’s life was endangered. Fear of such dire consequences led them to 
adopt primary resection as a prophylactic measure in the patient with a severely damaged 
joint — recognized as especially vulnerable to sepsis — and secondary resection as a thera- 
peutic measure for acute suppurative arthritis, if the infection failed to respond quickly to 
long anterolateral incisions and thorough immobilization. Pool recommended resection for 
suppurative arthritis Avhich Avas superimposed on a severely damaged joint. French, Eus- 
sian"'-, and German’^"-""--"" surgeons practised resection extensiAmly throughout AA^orld AA’'ar 
II, rather than risk the hazards of suppuration of the knee joint. 

Early in the experience in North Africa, it Avas seen that penetrating Avounds of the 
knee joint could be classified roughly, according to the seA'-erity of damage to the intra- 
articular bone and cartilage, into three groups; 

Group A: AVounds in Avhich there had been no damage to the bone or cartilage; 

Group B; AA^ounds involving minimum or moderate damage to portions of the con- 
dyles of the femur or tibia; 

Group C; AA^ounds involving severe desti-uction of the joint components. 
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While the results varied somewhat in 1943 dm-ing the Tunisian, Sicilian, and early 
Italian Campaigns, according to the degree of intra-articular damage, it appeared that the 
surgical management of the case also had a direct effect. The recommended plan of ar- 
throtomy, intra-articular debridement, lavage, closure of the synovial membrane, and im- 
mobilization in a toe-to-groin plaster cast was usually followed in the forward hospitals 
for wounds of the knee in Groups A and B. If, however, the surgical treatment was de- 
layed for more than eight to twelve hours after the wound had been received, or if there 
was sepsis of the joint, closure of the synovial membrane was omitted in order to permit 
drainage. In the cases in Group C, the wounds were often extended and were always left 
open for drainage, but extensive intra-articular debridement was not performed. 

Suppurative arthritis in Group A (those cases without bone or cartilage damage) was 
seldom, if ever, observed; and it was rare in Group B (the cases with minimum or moderate 
damage within the joints) . In these favorable cases, however, it was noted that, if closm-e 
of the synovial membrane had been omitted, healing was often slow and the subsequent 
joint function was frequently limited beyond that to be expected from the wound damage. 
In other cases of Group B, there was lingering sepsis and slow destruction of the joint. Al- 
though in these cases the joints were the sites of suppurative arthritis, the open drainage 
sufficed to prevent systemic sepsis and toxaemia. Obviously, the joint was doomed. Un- 
fortunately, no data on the incidence of this complication are available, but the observation 
was general, and confirming reports reached the Theater from the Zone of the Interior. In 
Group C, which included the joints with severe destruction, septic arthritis was the rule. 
In each of these patients, the joint had been destroyed when the wound was received, and 
an ankylosed knee was the best that could be expected. Although it was recognized that the 
joint was destroyed and that suppuration w'as likely, resection, as practised by the French 
in this type of injury, was not considered. Fortunately, no deaths were reported, and only 
a few amputations were necessary. 

During the Cassino-Anzio impasse, in the several Base Hospitals in Naples, a sharp 
rise was noted in the incidence of suppurative arthritis. This rise was coincident with a 
wave of surgical conservatism among the forward surgeons at the Anzio Beachhead, ac- 
counted for, at least in part, by the conditions under which thej' were working, and result- 
ing in a minimum of exposure and intra-articular debridement. The increased incidence of 
suppurative arthritis focused attention upon the problem of wounds of the knee joint and 
their complications, and permitted the following study: 

M.ATERI.AL 

Nineteen patients having wounds of the knee joint, with potential, early, or late sepsis 
within the joints, were studied closely; and data on them wei’e compiled, in conjunction 
with the formative stage of a program for the adjuvant use of penicillin in the management 
of the wounded. Approximately thirty-five other patients were also observed and studied, 
but no data were gathered. Both groups of patients had been wounded; they had received 
initial surgical treatment in the forward hospitals a few days or a few weeks before, and 
had been transferred to Base Hospitals. 

No sepsis of the knee joints was observed during this study in those patients treated by 
complete initial surgery, closure of the synovial membrane or capsule of the joint, and 
adequate immobilization®^. Of course, this was a highly significant observation. Definite 
suppurative arthritis of all degrees of severity, with prolonged drainage and slow destruc- 
tion of the articular surfaces, was observed in several patients whose joints liad morlcrate 
or even minimum intra-articular damage, but where the excisional surgery had been poor 
and the joints had been left open for drainage. Compound, comminuted fracture^ of the 
patella were noted as the source of sepsis in several cases. 

A particularly pertinent observation — made in several other cases of severe sepsis 
(not included in the nineteen observed closely) by the Surgical Staff of the Ninth Evacua- 
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tion Hospital unci cunlinned in this study in Hp])ruxiinately liftc^on patients with sepsis 
of the knee joint of varying severity— was that each had unexeised, truuniatized, de- 
vitalized, artieular cartilage. Therefore, thorough and coin])lcte initial intra-articidar 
surgery had not been })erforined. 

An aggressive surgical vegiiueu was instituted in each of the nineteen ])atients under 
close observation; antibacterial agents and whole-blood replacement were used as adju- 
vants. Penicillin, in doses of 25,000 units intramuscularly every three hours, was employed 
until the danger of continuing sepsis was past, and usually until all the wounds had healed. 
The local instillation of 1,000 units per cubic centimeter was supplemental. Blood trans- 
fusions were given in amounts which maintained a hematocrit level of at least -10 per cent, 
of red cells. Each joint was immol)ili/.ed after surgical treatment by a single hip spica or 
by a Tobruk sj)lint, until it was certain that all danger of a flare-up of sepsis was past and 


that the wounds were healing, 'rhen the joints were mobilized. 

Eight knee joints with evidence of intra-articular trauma, in which there had been 
only minimum exposure at the time of the initial operation, were reopened to be sure that 
the excisional surgery had been adccpuite, even though no definite signs of infection were 
present. In four cases, potential foci of .'<epsis, in the form of unexcised, devitalized areas 
of articular cartilage, were found and were removed. After thorough irrigation, the joints 
were closed, penicillin was instilled into the joint cavity, and immobilization was provided. 
No suppurative arthritis followed and function of the joints, limited only by the trauma 
associated with the wound, was obtained (Case 1). 

Six knee joints with definitely established suppurative arthritis, but without septic 
destruction of the joint, were opened widely. The joint was cleaned of all devitalized tissue, 
debris, and foreign material; blood clot and pus were removed by thorough irrigation. The 
synovial membrane was sutured. Penicillin was instilled and immobilization was provided. 
Aspiration, irrigation, and reinstillation of penicillin wore performed at inteiwals of twenty- 
four or forty-eight hours for about a week. Very little fluid reaccumulated, however, and 
the attempts at aspiration were usually unsuccessful. The sepsis was controlled, and func- 
tion of the joint, limited only by the damage caused by the missile which produced the 
wound, resulted in every case (Cases 2 and 3). 

Subacute septic processes of several weeks’ duration in two other knee joints — one 
associated with a comminuted fracture of the patella and the other with a septic fracture 
of the lower third of the femur, which dripped pus into the joint — also were treated surgi- 
cally. At arthrotomy, the necrotic areas of articular cartilage (produced in each case by 
the septic process and not by the missile) were removed with the curette, and the edges 
were trimmed of loose tags. The comminuted patella in the first case was completely ex- 
cised. Both menisci in each knee were devitalized and friable; they, too, were removed. 
After thorough cleansing of the joint by ii-rigation, the synovial membrane was closed a\'', 
the usual regimen was instituted. In both cases the sepsis was controlled, and delayed skin 
suture produced prompt wound healing. In each case, a fractured femur, associated with 
sepsis, handicapped a program for knee motion. However, from 10 to 20 degrees of motion 
was present in each knee joint when the patients were transferred to the Zone of the In- 
terior (and also at a later check-up) (Case 4) . 

Limb-endangering sepsis in three knee joints was eradicated by resection of the joint. 
In one, associated with a contralateral amputation in the upper third of the thigh, the 
sepsis was so severe as to endanger the patient’s life (Case 5) . This condition had resulted 
from infection of a relatively innocent-appearing, but poorly debrided, compound fracture 
of the medial tibial condyle, with a line of fracture extending into the joint. In these three 
knee joints, treated by excision of the infected necrotic bone and cartilage, bv resection, 
and by staged procedures directed at wound healing, sepsis was controlled, the wounds 
healed, and bony fusion was progressing at the time the patients left the Theater (Cases 
5 and 6) . 
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In six French Colonial soldiers, whose knee joints were the sites of severe suppurative 
arthritis, resection of the joints was performed during the same period by surgeons at the 
Ninth Evacuation Hospital* (which served as a Base Hospital for the French in the Naples 
Medical Center) . The arthritis had developed after relatively minor damage of a typical 
penetrating wound, and, as stated previously, all of these patients received incomplete 
initial surgery. The sepsis in each knee joint definitely endangered the patient's limb. An 
amputation had been performed previously for comparable sepsis in a seventh case. In 
this group of patients, the wounds had healed and the knee joints were fused prior to 
transfer to the French hospitals in North Africa. 

Consideration of the previous experience and of the observations made in these cases, 
which were studied carefully, led to the standardization of a plan for the management of 
all knee-joint wounds — penetrating or perforating, due to shell fragments or bullets — in 
the forward and base areas, regardless of the time which had elapsed since the wound was 
received. The objectives of this plan were the prevention of sepsis, the elimination of early 
established sepsis, and the optimum preservation of joint function. 

A. Forward Area 

Following adequate preparation by transfusions of blood or plasma and by appropri- 
ate roentgenographic studies, the patient was removed from the litter and placed on an 
operating table which permitted automatic angulation opposite the knee in order to facili- 
tate intra-articular exposure. The skin preparation and draping were circumferential. A 
tourniquet often was applied to secure a diy operative field. The joint was opened to the 
extent and in the location which provided the best access to the intra-articular damage. 
A separate, standard arthrotomy incision was frequently necessary. Good light, assistance, 
and retraction were essential. Foreign bodies and other material were removed. Loose 
bone chips, areas of loose or devitalized cartilage, and damaged menisci were excised. The 
removal of devitalized, fragmented articular cartilage was considered exceedingly im- 
portant. Defects in the condyles were trimmed evenly. A comminuted patella usually was 
excised. Thorough irrigation of the joint cavity completed the excisional surgery. The 
synovial membrane and, at times, the capsule were sutured; and from 10,000 to 20,000 
units of penicillin was instilled into the joint cavity. Indirect injuries produced by frac- 
tures extending into the joint were managed similarly to ensure that no debris, loose frag- 
ments, or large blood clots remained. When loss of soft tissue precluded closure of the 
synovial membrane or capsule, it was desirable to rotate flaps of fascia or skin in order to 
achieve the desired closure (Case 7). An open joint was accepted only when the extent of 
the damage made it certain that the return of joint function was impossible. In these cases, 
it was preferable and often practicable to excise the remaining articular cartilage. The re- 
maining joint injury could then be likened to a compound fracture. By excision of the 
1 - gaining articular cartilage, a poorly nourished and avascular potential nidus of sepsis 
was removed. 

The immobilization was accomplished by means of a single hip spica or a Tobruk 
splint, with the knee in from 10 to 15 degrees of flexion. Systemic penicillin therapy was 
given routinely. Twenty-four to forty-eight hours after the initial surgeiy, with the use of 
a large needle, the sjmovial fluid was aspirated, and the joint was irrigated and filled with 
penicillin through a window in the cast, preferably without exposure of the open wound 
or the arthrotomy incision. 

The ■plan of management was applied regardless of the time interval between occur- 
rence of the wound and surgical treatment, or the presence of established sepsis. However, 
thorough excisional surgery within the joint was prerequisite to success. 

B. Base Hospital 

At the time of reparative surgerj', four to six days after the wound had been received, 
the joint fluid again was aspirated, the cavity was irrigated, and penicillin was reinstilled. 
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The open soft-part wound was sutured. If reasonahle doubt c.xisted concerninji the thor- 
oughness of the initial operation, the joint was opened and e.xainincd as a precaution 
against sepsis (Case i) . Following thorough cleansing, the joint, and usually tlic skin, were 
closed. If reparative surgery was delayed for any reason, the joint fluid was aspirated 
through the window in the cast, while the patient was on the ward. 

Immobilization was discontinued within ten to fourteen days after secondary suture, 
and active mobilization of the joint was instituted, usually by means of balanced suspen- 
sion in a Thomas splint with the Pearson attachment. The motion was i)rogressively in- 
creased from the i)osition of full e.xtension, thereby avoiding flc.xion contracture. 

Signs of impending or of established sepsis within the joint — such as pain, swelling, 
fever, and malaise — were indications for early surgical treatment. Occasionally, in cases 
which presumably had been properly managed at tlie time of initial .> 5 urgery and had mini- 
mum signs of infection, the aspiration routine was employed for a day or two with the 
anticipation of avoiding the imjiending sej)sis. Otherwise the joint was opened widely, 
thoroughly cleansed of dead tissue and blood clot, closed, filled with penicillin, and im- 
mobilized (Cases 2 and 3). The skin u'as not sutureil, but the edges often were freshened 
in anticipation of a staged closure, five or si.x days later. Frequent aspirations, irrigations, 
and reinstillations of penicillin appeared to be important in the subsequent care. Again, 
only when hope of a functioning joint was abandoned was the joint incision left open for 
drainage, and then radical resection was usually j)referable. 


KESULTS 

E.xcellent results w’cre achieved throughout the Theater when this program w-as fol- 
low'cd'^. From the beginning of the Cassino-Ilome campaign, in May 1944, until cessation 
of combat, the incidence of knee-joint sepsis w'as negligible, and the problem w'as relegated 
to a place of relatively minor importance. In the few cases of early sepsis of the knee joint, 
observed in the base area, appropriate surgical treatment and management controlled the 
process, and usually good function of the joint resulted (Cases 2 and 8). Chronic sepsis 
rarely was seen, — usually only in joints hopelessly destroyed by trauma. In a study of 
Disposition Board Proceedings on a sample of 1,073 amputations, Rawles found none 
resulting from sepsis of a knee joint per se. 

Knee joints which had been hopelessly destroyed at the time the wmunds w'ere received 
were usually resected to prevent chronic sepsis and to promote early healing of the wmimds 
(Case 6). In the occasional case in which sepsis of the joint developed in the Base Hos- 
pital, the sepsis was controlled and wmund healing was achieved b}^ resection. The e.xtent 
of bone loss and destruction incident to the sepsis or the trauma determined the amount of 
bone excised and the resultant shortening. The resected surfaces w^ere designed so as to 
conform with the knee in extension, rather than in some flexion, because of the shortening 
incident to the procedure. 

Data on Results 

Harris and Mollin reported" that, in 128 patients with wounds of the knee joint who 
received complete initial surgery in forward hospitals, 119 were recorded as free of sepsis 
at the time of inspection in the Base Hospital ; and repair of the remaining wmunds of the 
soft parts was permitted. In seven of the remaining nine cases, sepsis was controlled and 
a functioning joint was obtained; only the aspiration routine was utilized in four cases, 
secondary arthrotomy and excision of the intra-articular devitalized tissue w^ere carried 
out in two cases, and incision and drainage in one. In the remaining two cases the joints 
were the sites of severe bone damage, with superimposed sepsis. One case was managed, 
and the sepsis was overcome, by resection of the joint. In the other case, damage to the 
extremity was so severe that amputation was performed. The initial surgical procedure 

* Data compiled in June 1945, from the records of the Seventeenth General Hospital. 
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was judged, from the records, to have been incomplete in sixty-six additional wounds of 
the knee joint seen at the same hospital. Among these, sixteen patients with septic joints 
were found at the first inspection. The sepsis was controlled in eight cases by arthrotomy 
and a secondary debridement of the joints. One patient, with associated severe bone dam- 
age, responded to prolonged drainage through an open wound, but it was questionable 
whether any joint function was obtained. In the remaining seven cases, the joints were 
hopelessly destroyed by the trauma received at the time of injmy. Five were successfully 
managed by joint resection. The bone destruction was so severe in two that amputations 
were performed. 

The Surgical Consultant of the Seventh Army, Colonel Frank Berry, who formerly was 
the Chief of Surgical Service of the Ninth Evacuation Hospital, instituted the same pro- 
gram of initial surgery in hospitals of the Seventh Army. From two General Hospitals 
supporting the Seventh Army, he received reports that, over a three-month period, no 
sepsis of the knees had resulted following adequate initial sm’gery-^. The first hospital 
had received eighty-three consecutive patients with penetrating wounds of the knee, with- 
out the necessity of amputation, resection, or drainage. In a comparable number at the 
second General Hospital, only four resections were performed, — three for traumatically 
destroyed joints, and one for established sepsis; this developed in a patient with severe 
abdominal injuries and a penetrating wound of the knee, which had been overlooked during 
a ten-day stay in a forward hospital. 

Disposition Board Proceedings on file in the Office of the Surgeon, iMediterranean 
Theater of Operations, on a sample of 271 wounds of the knee joint, were studied by 
Duncan and Rawles. The cases were divided into Group A, those occurring prior to Alay 
11, 1944, and Group B, those occurring later. On May 11, the final drive for Cassino and 
Rome was begun and, by that time, information as to the recommended program for the 
management of wounds of the knee joint had been disseminated throughout the Theater. 


TABLE I 



Number 

Per Cent. 

Group A (prior to May 11, 1944) 

Non-septic 

Septic 

53 

20 

72.6 

27.4 

Totals 

73 

100.0 

Group B (after May 11, 1944) 

Non-septic 

Septic 

188 

10 

94.9 

5.1 

Totals 

198 

100.0 


The incidence of sepsis after admission to the Base Hospital was 27.4 per cent, in 
Group A, but only 5.1 per cent, in Group B. The septic process continued and destruction 
of the joint resulted in 8.2 per cent, of the cases in Group A; the end results could not be 
determined in another 8.2 per cent. In Group B, however, the septic process was uncon- 
trolled in only four cases (2 per cent.) . In three of these cases, the management recom- 
mended for early sepsis was not instituted. In the other case, the damage was severe and 
resection of the knee joint was performed. 

Twenty-four resections of the knee joint in American soldiers and one resection in a 
Canadian soldier are known to have been performed in the Alediterranean Theater of 
Operations. Two resections were performed at the time of the initial surgical treatment 
because of severe trauma; twenty -three were performed at the Base Hospital. In three 
cases, previously described, the indication for the jesections of the knee, which were per- 
formed during the formative phase of the program, was severe purulent arthritis, super- 
imposed on moderate intra-articular damage in two instances and on minimum damage 
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in anoLhcr. In Lhc rcnniining twenty cases, tlie indication was traumatic destruction of 
the joint with impending or early sepsis. Among the twenty-five Americans and six French 
patients^ whose knees were resected, there were no deaths or amputations. The general 
condition of each i)atient improved rapidly. Healing of the wound was achieved in the 
majority of the Americans before their evacuation to the Zone of the Interior. Three are 
known to have had healed wounds and clinically stable knees i)rior to their departure from 
this Theater. The resultant .'Shortening varied from one inch to three inches, and was in 
direct ratio to Lhc bone loss Jroin trauma or sejisis. The average shortening was about one 
and one-half inches. Appo.'sition of bone.-s in a functional position was achieved without 
dilliculty. 

The management of knee-joint wounds in all phases conformed to every principle of 
initial and of reparative surgery, — that is, the removal of foreign bodies and the excision 
of dead tissue, inehuling the destroyed articular cartilage and the contaminated blood 
clot; closure of the joint to protect the articular cartilage from the hazard of e.xposure and 
the synovial membrane from recontamination; the u.-se of antibacterial agents to protect 
living tissue from invasive infection; thorough immobilization, by means of a hip spica or 
Tobruk splint, until the hazard of infection was over; delayed wound closure; and early 
restoration of function. 


This experience confirmed jn'evitius observations on the i)ropcr management of wounds 
of the knee joint, seen earl}’' and without infection. The same i)rineiplcs and plan of man- 
agement have been adapted to wounds seen late and to those in which sepsis has become 
established. The success achieved warrants the recommendation of the program for wounds 
of the knee joint, regardless of the time which has elap.scd since injury or the presence of 
infection. It is believed that the same principles arc applicable to suppurative arthritis — 
traumatic, postoperative, or blood-borne — in civilian practice. 


C.VSE REPORTS 

Case 1. This patient was wounded on March 2G, 1911, Iw multiple small-arms fire. 

Diagnosis 

1. Compound, comminuted fracture of the distal third of the right femur, with laceration of the 
bursa of the knee joint; 

2. Compound, comminuted fracture, incomplete, of the middle third of the right tibia; 

3. Compound, comminuted fracture of the lower polo of the left patella; 

4. Compound, comminuted fracture of the left medial femoral condyle. 

Initial Surgery 

Fourteen hours after the injury was received, all the wounds were debrided. The wound of the right 
thigh was perforating; that of the left knee was penetrating. A partially severed medial patellar retin- 
aculum was repaired with a wire suture. Both joints were irrigated. A bilateral hip spica was applied. 

Record at Base Hospital 

The patient was admitted on March 31, five days after injury. Penicillin therapy, 25,000 units every 
three hours, was instituted. Blood transfusions, totaling 3,400 cubic centimeters, were given over a 
three-day period. 

Reparative surgery was carried out on April 4. Arthrotomy of the left knee was done, using a medial 
parapatellar incision. The medial femoral cond 3 de had been perforated. The devitalized articular car- 
tilage, which had been driven in at the time of injury, was e.xcised; and several small fragments of the 
patella were removed. After thorough irrigation, the joint was closed and penicillin was instilled. The 
skin was closed so as to leave a small fine-meshed gauze drain emerging from the lower pole of the 
compounding wound. 

Through the compounding wound of the right lower thigh, it could be determined that no articular 
cartilage was damaged. Several loose chips of bone were removed from the fracture site. The joint bursa 
could be only partially closed. The medial wound was closed completely and the lateral wound was 
closed partially, drainage being established through the dependent pole. The compounding wound of the 
tibia was small, without exposed bone; it was not sutured. A toe-to-groin cast, with a horizontal cross- 
stick to prevent rotation, was used on the left. The right femur was placed in skeletal traction and the 
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Fig. 1-A 
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Fig. 1-B 


Fig. 1-A: Case 1. The wounds of each extremity are shown, as seen in the operating room on 
April 4, 1944. 

Fig. 1-B: Arthrotomy of the left knee, demonstrating part of the intra-articular damage. A de- 
fect on the weight-bearing surface is not shown. 


Fig 1-C 


Fig. 1-D 


Fig. 1-C: Closure of arthrotomy incission and wound of left knee, and drainage of the knee with 
fine-meshed gauze. Penicillin is being instilled. 

Fig. 1-D: Shows range of motion of left knee in June 1945. 


fragments were manipulated into reduction on the ward, before the patient had recovered from the 
anaesthetic. 

The wounds of the left knee healed. Immobilization was discontinued about May 1, after being used 
longer than is considered desirable. The range of flexion improved quite slowly, and was only 25 degrees 
when the patient was evacuated to the Zone of the Interior. 

Tlie wounds which connected with the right knee joint healed, but there was prolonged drainage 
from sepsis in the cancellous bone of the lateral condyle of the right femur. Despite the sepsis, the frac- 
ture united in good position. The knee joint was free of suppuration. 

Record at Zone oj the Interior 

When the patient was admitted on September S, there was profuse discharge from the site of the 
fracture of the riglit lower femur. All the other wounds had healed. The fractures of the femur and of 
tlie right tibia were stable. Knee motion on the left wa,s from ISO to 130 degrees, but it was practically 
ml on the right. 

After appropiiate surgical treatment, healing of the compounding wound of the right femur oc- 
curred. On June 27, 1945, knee motion in the left side was from ISO to 90 degrees, and on the right side 
it was from ISO to 120 degrees. 
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Comment 

By thorough nianagcincnb of tho ratlicr severe wound of the left knee joint, healing 
and over 90 degrees of knee motion were obtained. Tho dead space in the cancellous bone 
was tho site of sepsis, but good drainage aiul maintenance of reduction of the fracture were 
followed by union of the fracture in good position. The end result was satisfactory. 

Casc 2.* Tlic patient was wounded on October G, 1911, by a liigh-exidoaive sliell fragment. 
Diagnosis 

1. Penetrating wound of the riglit knee joint; 

, 2. Compound, commiimted fracture of the riglil patcdla; 

3. Earl}'' suppurative artliritis of tlic riglit knee joint. 

Inidal Surgery 

Ten hours after injury, tho joint was oiicned by enlarging the wound compounding the comminuted 
patella, tlie foreign body was removed, the joint was irrigated, and the capsule was closed. The com- 
minuted patella was not removed. Penicillin was instilled into the joint, and systemic penicillin therapy 
was instituted. A mid-thigh cast was applied. 

Record at Base Hospital 

The patient was admitted on October 11. Sj'stemic penicillin therapj’’ was continued, but the joint 
fluid was not aspirated nor was penicillin reinstillcd. The patient’s temperature ranged between 99 and 
101 degrees. On October 20, the knee was painful, swollen, boggj', and tender. On October 21, the old 
wound was cxci.-cd to the depth of the fascia. The joint was open through tho fractured patella. A sep- 
arate medial arthrotomy inci.'-ion was useil to expose the joint, from which a small piece of woolen cloth 
and the severe]}' comminuted patella were removed. The cartilage of tho patella was yellow and gray 
in color. One fragment appeared necrotic. Gelatinous fibrinous exudate was cleaned from the joint and 
from the suprapatellar pouch. 

After thorough iirigalion, the synovial membrane was clo^Cfl, and a few sutures were placed in the 
quadriceps expansion. The defect in tho tendon, at the site of the old wound, was closed. The joint was 
filled with penicillin. Immobilization was provided by a Tobruk splint. On October 22, 24, 25, and 26, 
the joint was irrigated and filled with penicillin through a large needle. On October 26, the skin of each 
wound was sutured. Penicillin therapy was discontinued on October 29. .About November 7, active knee 
motion was begun, only night splinting being used. On Nor'cmbcr 17, all wounds had healed, the joint 
was not swollen, quadriceps power was fair, and 45 degrees of active knee motion was present. 



Fig. 2-A 


Fig. 2-B 


Fig. 2-A: Case 2. Shows the swollen joint and the granulating wound, with pus draining from the 
opening in the center, as they appeared in the operating room on October 21, 1944, fifteen days after 
the wound had been received. 

Fig. 2-B : Photograph of the medial arthrotomy incision. Inflamed synovial membrane and the 
partially necrotic cartilage of the comminuted patella are poorly visualized. The small piece of 
woolen cloth is shown on the gauze at the left of the incision. The quadriceps pouch was filled with 
a coagulated fibrinous e.xudate. 

*This case was managed in the Base Hospital by Major John Abele of the Forty-Sixth General 
Hospital. 
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Fig 2-C Fig 2-D 

Fig. 2-C: Following leinoval of the patella and cleansing of the joint, the sjnovial membrane of 
the arthrotomy incision and the defect in the old wound were sutured (plus a few sutures m the 
tendon). The joint was filled with pemcillin. 

Fig 2-D . The fragments of patella, some of the fibrinous exudate, and the bit of cloth removed 
from the joint are shown. 



Fig 2-E Fig 2-F 

Fig 2-E The skin has been sutured and the jomt resplinted (October 26) 

Fig 2-F Demonstrates the range of active painless motion of the knee on Xor ember 17 Quadrr 
ceps power was sufficient to extend the knee, but a hand held the foot for the photograph 


Comment 

A compound, comminuted patella was frequently a nidus of knee-joint sepsis prior 
to the standardization of the Theater piogram for wounds of the knee. Traumatized 
cartilage remains, and, obviously, the joint remains open The ineffectiveness of penicillin 
therapy when excisional surgery is inadequate should be noted. 

In this case, removal of the comminuted patella and thorough cleansing from the joint 
of all foreign material, blood clot, and pus before proteolytic digestion of the articular 
cartilage began, follow^ed by adequate immobilization and penicillin therapy, resulted in 
function of the joint. 

This case is an excellent illustration of the management of early sepsis of the knee 
joint, which is a major contribution of this Theater in the management of wounds of the 
knee joint. 
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Casi: 3. The i)aliont was woiiiidod on iMaivh 29, 1911, l)y multii.lc liii;l.-cxi.Iodvo feiicll fiagments. 
Diagnosis 

1. 1 1 'ln'hiiUng wuvmd> of tho lofi kni'i' joint, left forcaim and a\in, and light foot; 

2. Earlj' Mipiuirativi' artlnili-. of I ho loft knoo joint. 

IniLinl Surgery 

Tlio wound.s of (lie .'-oft jiails woio dohridod and foicign hodios wore roniovod. For aome unknown 
roa.son, iio.'-sildy becauso of (lie innllijilicily of the ponotrating wounds, the knee joint was not opened. 






Fig. 3-B Fig. 3-C 

Fig. 3-B: Photograph of the bulging knee, before surgery on April 11, 1944. 

Fig. 3-C; Seveial aieas of damage to the articular cartilage are revealed by the medial arthrot- 
omy incision. 
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Case 4. Artist’s conception of the snrgieal procedures carried out on April 6. The extent of bone 
loss is not shown. {Reproduced, by courtesy of J. B. Lippincoll Company, from Annals of Suracry. 
123; 249, Feb. 1946.) 


Record at Base Hospital 

Upon admission, on .Vpril S, the patient’s temperature ranged up to 101 and 102 degrees. The knee 
joint was painful, hot, and srvollen; and pus oozed from the multiple wounds. Penicillin therapy, 25,000 
units eveiy three hours, was instituted on April 9. On April 11, thirteen daj-s after injury, the knee was 
opened through a medial arthrotomy incision. The bloody pus-filied joint was irrigated. Several im- 
bedded metallic foreign bodies were removed from the articular cartilage of the femur. The medial 
meniscus was friable and partially devitalized ; it was therefore excised. Through a lateral arthrotomy 
incision, areas of devitalized articular cartilage and a friable lateral meniscus were removed. .After thor- 
ough irrigation, the sj-novial membrane of each incision was sutured. The joint was filled with penicillin 
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ill ;i slrenglli of 1 lo 1,000, and a hip biiica was applied, d’liroiigli a window in tlic cast, the »ynovial fluid 
was aspirated, and the joint was irrigated and filled with (lenicillin daily from Ajiril 12 to April 16, and 
again on April 20. At the lime the wound was dre.-^^cd on Aiiril 20, tlie joint waa not .swollen and the 
.synovial membrane had healed. The temperature had reacln'd 100 degrees each day, but .settled to a 
peak of 99 degrees on April 23. On April 20, the wouiuhs of the .'oft i)arl.s were sutured; the wounds 
healed. On Maj’’ S, 30 degrees of active knee mol ion was recorded. The jmlient was evacuated to the 
Zone of the Interior in mid-May, wilh a nmiovable niuht .splint as a pieeaiilion against fle.vion con- 
tracture. 


Comment 

The sepsis following luck of iniliul surgery was controlled by excision of the intra- 
articular foci before the undaniugcd articular cartilage was digostefl and destroyed. Drain- 
age incisions probably would 
have been ineffective. The 
Theater program for early 
sepsis was elfcctive, and the 
optinuini result for the given 
trauma was achieved. 

C.isK ‘1. This patient was 
wounded on February 20, 1914, 
by high-e.\plosive shell fragments. 

Didtjnohis 

1. Compound, comminuted 
fracture of the lower third of the 
left femur; 

2. Low-grade suppurative 
arthritis of the left knee joint, 
secondary to laceration of the 
sui)rapatellar pouch and contin- 
ued sepsis in a fracture of the 
femur. 

Record at Base Hospital 

On February 25, skeletal 
traction was instituted, with a 
wiie in the tibial tubercle. The 
wounds were purulent at that 
time. Subsequently, several lat- 




Fic. 5-A 

Case 5. Anteroposterior and lateral views, taken on March 22, 
show' the erosion of the medial tibial condyle and the destruction 
of the entire joint. 



Fig. 5-B Fig. 5-C 

Fig. 5-B: Photograph of the joint, e.xposed at operation on March 26. The patella has been re 
moved. For photographic demonstration, the patella is held beside tlie destroyed femoral condyles. 

Fig. 5-C: Photograph of the resected joint. Shortening in this case was of no consequence, be- 
cause of amputation of the opposite leg. 
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eral parapatellar incisions were made for drainage of the fracture site and the knee joint. On March 25, 
a pocket of pus was found in the provimal portion of tlie posterolateral fascial plane of the thigh. After 
admission, the patient’s temperature had ranged between 9S.6 and 104 degrees. On March 27, penicillin 
therapy, 25,000 units eveiy three hours, was instituted. Blood transfusions of 1,000 cubic centimeters 
were given on March 2S and March 29; 500 cubic centimeters was given on Alarch 30. 

Reparative surgery was begun on March 31. At that time the posterolateral plane was incised, and 
the abscess and the fracture site were drained. Pus, which had tracked up the inner side of the thigh 
anterior to the adductor magnus, was drained bj* a medial incision. There was no union of the fracture. 
The extremitj’ was returned to skeletal traction. A transfusion of 500 cubic centimeters of blood was 
given. 

On April 6, through the compounding wound, the fracture was stabilized in reduction bj' four screws. 
The knee was opened bj' e.\tending the in- 
cision distally. The articular cartilage of 
the patella was soft, eroded, and detached. 

There was spot erosion of the articular 
cartilage of the femur and tibia at points 
of contact, and at the place where the 
patella had rested upon the femur. The 
patella was removed. The edges of eroded 
cartilage were trimmed, and the bases were 
curetted. The joint was thoroughly irri- 
gated, closed, and filled with pemcillm 
The wounds of the thigh were closed, with 
drainage. The extremity was returned to 
skeletal traction. A transfusion of 500 
cubic centimeters of blood was given. 

There was moderate discharge from all 
wounds of the thigh for several weeks. All 
reaction about the knee subsided. After 
two weeks, passive motion through a 


r 

s. 


/ 









Fig. 5-D 

The dead infected tissue has been excised. 



Fig. 5-E Fig. 5-F 

Fig. 5-E: The medial wound has been partially closed, with drainage (April 1). 

Fig. 5-F; Shows closure of the lateral wound and drainage of calf abscess (.April 1). 


t 






Fig. 5-G Fig 5-H 

The medial and lateral wounds have almost healed (no =mu=es) on May 23. 
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10-di'greo an; was a daily roiiliiio. Only granulating arcan in tin; old comijoiinding 
vomained when tin; palionl, was ('vaiaiatrd to tin; Zone of I la* lnt('i ior in May. 


wounds of the thigh 


Record at Zone of the Interior 

The fracture nni|{;d, hut it wa.s nece.'.'ary to remove two .-mall .-eciiie.stra and tlie .-crews hefore wound 
healing was achii'ved. Kiu.a; motion wa.s limited to ahoiil lo degrees. Unfortunately, in late December 
the i)atient fell and relractured his Icmuir ai'ro.-s the .-iltj of the horn; lo.-s. At the last re])ort, he was still 
under treatment. 


Coininciit 

In the prcsoncu ol absccaacrf tracking up the thigh on either sitle, an unreduced and 
non-uniting fracture, ountinuing de;structiou of the knee joint, and toxaemia of sepdis six 
weeks alter the wound had been received, the prognosis was (piite unfavorable. Drainage 
ol the abscesses, excision ol dead tissue in the thigh and joint, closure of the joint, reduc- 
tion and stabilization of the Iraeture, and staged closures were followed by control of the 
sepsis, union ol the Iraeture, and eventually, after removal of the sequestra and metal, by 
wound healing. Blood replacement and penicillin therapy were im])ortant adjuvants to 
the surgical treatment. The 10 or la tlegrees of joint motion which was achieved is pref- 
erable to the fusion which would have been anticipaletl with only drainage of the joint. 
The relracture in no way detracts from the achievement of the reparative surgery. It 
represents the hazard encountered in rehabilitation of ])atients with fractures of the long 
bones with partial loss of substance. 


C.vsE 5. The toldicr was wounded on January S, I'JU, by high-oxploj-ivc shell fragments. 

Dictgnom 

1. Traumatic amputation of the upper third of the left thigh; 

2. Conuiouiul, comminuted fracture of the moilial condyle of the right tibia into the knee joint; 

3. Multiple penetrating wounds; 

4. Suppurative arthritis of the right knee joint. 

Initial Surgery 

Forty hours after injury, the traumatic amputation was completed by the guillotine method. Other 
wounds were debrided. Little was done to the penetrating wound compounding the fracture (almost 
invisible by roentgenogram) of the upper rigat tibia into the knee joint. Tne jiatient received 1,500 cubic 
centimeters of blood before and during operation. 

Record at Base Hospital 

After admission on January 21, the patient had continual sepsis. The amputation stump was clean, 
but tliere was profuse discharge from the upper tibia. On February 10, the knee joint was drained by 
bilateral parapatellar incisions. Penicillin, 25,000 units every three hours, was given intramuscularly for 
two weeks. Repeated blood transfusions were given. Sepsis continued, with fever up to 102 degrees. On 
March 3, roentgenograms disclosed total destruction of the medial tibial condyle. On March 9, a large 
abscess on the lateral aspect of the thigh, but connected with the knee joint, was incised. On March 12, 
systemic penicillin therapy was re-instituted. On March 23, the patient appeared quite ill, and amputa- 
tion was considered as a life-saving measure. His temperature reached 102 and 103 degrees daily. Blood 
therapy in the Base Hospital totaled 4,500 cubic centimeters. On March 24 and 25, an additional 1,500 
cubic centimeters was given. 

At operation, on March 26, the old incisions on either side of the patella were extended pro.ximally 
to drain abscesses of the thigh. Another abscess in the calf was incised. Lateral reflection of the patella 
disclosed that the joint cartilage, including that of the patella, had been totallj' destroyed by sepsis. The 
destroyed bone was resected, and the patella was removed. The bones were held in approximation by 
an anterior wire loop. The old wound edges were excised, but closure was not done. A hip spica provided 
immobilization. A transfusion of 1,000 cubic centimeters of blood was given during the operation, and 
500 cubic centimeters was given on March 27 and again on March 28. The only temperature rise above 
100 degrees during the first five days after operation occurred following a mild transfusion reaction. On 
April 1, the spica was removed in the operating room; the old blood clot was irrigated away; and the 
wounds were partially closed, with drains to the back of the old joint space and to the calf abscess. The 
blood given on this day totalled 1,500 cubic centimeters. On April 7, the abscess in the calf required 
further incision. On that day 500 cubic centimeters of blood was given. All drains were omitted, and the 
wounds were dressed with dry fine-meshed gauze. The wounds granulated to produce almost complete 
healing, and the knee fused to stability. The patient’s temperature remained at 99 degrees or under. 
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PenicilHa was discontinued on April 20. An interesting observation was that, in spite of the subsidence 
of his sepsis, the blood tiansfusions, and an increased appetite, the patient definiteb’^ appeared to lose 
weight, — a phenomenon attributed to the mobilization of abnormally letained inteistitial fluid. Later he 




F:g. 6-A 


Fig 6-B 


Fig. 6-A; Case 6. The knee is read 3 ' 
for surgeiy (April 24) . 

Fig. 6'B: The destroj’ed joint has 
been exposed. The possibility of restor- 
ing joint function was hopele«< 

Fig 6-C: Photograph of the rc'ccted 
aiticular surfaces of the femur and 
tibia. Note the destruction of articular 
cartilage. 

Fig. 6-D Lateral and anteiopo^terior 
roentgenograms of the resected knee 



Fic 6-C 
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gained weight and appeared well. He leccivcd a total of 12,.')00 cubic centirneloH of blood over a three- 
month period. In late April, lie was tiansfeired to a Canadian Iio-ipital, and since then follow-up 
infoiination has not been available. 

Comment 

The ravages and potential dire eon.scqucnees of knee-joint .sep.sis, the inefTectiveness 
of drainage incisions, particularly after septic destruction of articular cartilage, and sal- 
vage of a limb and possibly of a life liy resection of the knee, are illu.strated in this case. 

CAse G. This patient was bounded on Apiil .I, 1911, by liigli-csidosive .shell fnigmcnts. 

Diagnosis 

1. Perfoiating wounds of the light knei' joint; 

2. Compound, comminuted fractnics of (ho light femur, .Mipiacondylar ami condylar, the right 
patella, and (ho light fifth metatai-al; 

3. Laceiation of the patellar tendon; 

■1. Earl}'^ suppuiafive aithiitis of the knee joint, supoiiniiio-od on .'-evoio tiauma. 



Fig. 7-A Fig. 7-B 

Fig. 7-A: Case S. Photogiaph of the intciior of the knee at the time of operation (July 14). The 
edge of the damage to the aiticular caitilage is visible. Note the intense hj-peiaemia. 

Fig. 7-B: On August 7, the opeiative wound had liealed and the joint was normal in size. 



Fig. 7-C Fig. 7-D 

Fig. 7-C- Reproduction of anteroposterior roentgenogram, taken early in 1945. The extent of 
condylar damage is demonstrated. 

Fig. 7-D : Shows the range of knee motion in 1945. Complete extension was possible, but is not 
shown here. 
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Inilial SuTgcry 

Following excisional surgeo% which included removal of the comminuted patella, wire sutures were 
used to approximate the patella and the quadriceps tendons, and the skin flap over the knee was held in 
place by two silk sutures. A Steinmann pin was passed through the distal condylar fragments, presum- 
ably in an effort to avoid spread or rotation of the cond 3 'les. (The use of skeletal fixation in forward 
areas is not recommended.) The pin emerged through the wounds, medially and laterally. 

Record at Base Hospital 

The patient was admitted on April 14. The joint and the fracture site were bathed in pus. An effort 
was made to obtain reduction of the supracondjdar fracture bj' joining the prerdously placed Steinmann 
pin to half-pins inserted in the femoral shaft by the apparatus of external skeletal fixation. Reduction 
was not achieved. Between the time of admission and April 23, the patient’s temperature ranged up to 
102 degrees. Sj’stemic penicillin therapj', 25,000 units everj’ three hours, was instituted on April 19. Be- 
tween April 19 and April 23, the patient received 4,600 cubic centimeters of blood. 

On April 24, three weeks after injury, in the operating room, it was determined that pus was oozing 
about the pin and from the knee joint. The pin was removed. Through a lateral incision, the supra- 
condylar fracture was stabilized in reduction bj' two screws and a wire loop, in spite of some bone loss. 
Examination of the knee disclosed a hopelesslj- destroyed joint. The sutures pre\’iously placed in the 
skin flap and the patellar tendon were removed, and the articular surfaces of the femur and tibia were 
resected. The flap of skin was sutured in place so as to cover all exposed bone? Rubber drains emerged 
from the back of the joint, through posteromedial and posterolateral wounds. Half-pins were inserted 
in the tibia, and coimected to the half-pins in the femur by the rods used in external skeletal fixation ; 
fair fixation of the knee in good apposition was therebj’’ achieved. A single hip spica was applied, which 
incorporated the apparatus. A transfusion of 1,000 cubic centimeters of blood was given during the 
operation. On May 3, through a sleeve resection of the cast, the drains were removed and the remaining 
wounds were prepared for a staged closure by excising the skin edges and the old granulation tissue. The 
external skeletal fixation was quite advantageous in maintaining stability during the surgical procedure. 
On Maj'' 8, a bit of protruding external condyle was chiseled away, and the wounds were sutured. Wound 
healing was achieved, except for a persistent sinus from the region of the supracondylar fracture. The 
patient was evacuated to the Zone of the Interior late in July. 

Record at Zone of the Interior 

The patient was seen by the Surgical Consultant of this Theater in January 1945 ; at that time there 
was firm fusion and wound healing, except for the sinus, which was recognized as reaching a sequestrum 
in the old internally fixed fracture. 

Comment 

The badly damaged extremity, with early sepsis, presented a problem in wound man- 
agement. Obviously, full function could not be restored. The damage to the joint pre- 
cluded hope for future motion of the knee. The internal fixation maintained length, 
stabilized the fracture, and permitted the knee-joint surgery. Removal of the avascular, 
necrotic tissue (the keystone of reparative surgerj'') obxdated the hazard of sepsis and per- 
mitted procedures to achieve wound healing. Although an arthrodesis was performed, the 
objective of the operation was the control of sepsis, with wound healing, — not arthrodesis. 
The optimum result for this severe injury was achieved in a minimum period of time by 
application of the principles of reparative surgery. 

Case 7* The patient was wounded about October 15, 1944, bj' multiple high-explosive shell fragments. 
Diagnosis 

1. A severe avulsing wound of the right knee; 

2. Compound, comminuted fractures of the left humerus, radius, and tibia, and of the right femur 
(not considered here) ; 

3. Paralysis of all nerve trunks of the left arm (not considered here). 

Initial Surgery 

The right knee joint and the lines of fracture of the femur, extending into the joint, were exposed 
because of an avulsion of the patella and expansion of the outer side of the quadriceps. Following thor- 
ough cleansing of the joint, a graft of fascia lata was utilized immediately to achieve a closed joint, and 
penicillin was instilled. 

*The surgeon performing the initial surgery was Major Small of the Fiftj--Sixth Evacuation Hos- 
pital. 
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Record at Bane Ilonpital 

Tliis record was not availal)Ie. 

Record at Zone oj Die Interior 

The patient was observed in Marcli 1015, willi a small unhealed uranidatiiif' area over the old wound 
of the knt'e joint. The joint was freely ino\-al)le Ihroimh a raiiKe of .'iO degree.s. 


Comment 


The excellent initial sur,u;ery wa.s (he important factor in the .salvaf(e of the knee joint. 
Had the joint remained open, it probably would have been de.stroyed by tiei).si.s and necrosis 
of the expo.sed cartilage. 


C.\si; S. The jialient wa.s wound('d on .Inly 1. l!)ll, 1)3' hi^h-e.\i)lo.'i\'e .-hell frai'inents. 

Diagnonis 

1. IVnelraliHfj; wounds of the left knt'e joint, arm. ankde reiiion, and .-hoidder; 

2. Eai’bv snppnnilive tirthriti.- of tlie left knee joint. 

Initial Surgerg 

Seven hours after injuiy, I lit' kne«> joint w.as openeil ami a foreit;n bodv', embctkled in the medial 
femoral eomfvh'. was removed. 'I'lu' joint eap-ule wa.- .-utmed. Penicillin wa.- instilled into the joint; and 
.s\'stemie iienieillin thertip.v, 2o.000 unit- eveiy three honr.s. was instituted. The i)ationt was evacuated in 
a .split top-to-groin jilastcr ca.st. 

Record at Base Hospital 

The ptitient was admitted on Jufv G. The (kiifv temperature nince wa.s' from OS to lOl.-l degrees. The 
knee was painful and swollen, tind i)us w.as oo/ing from it. The joint wa.s irrigated through a large needle, 
and 20 cubic centimeters of penicillin, in ;i strength of 1 to 1,000, was instilled on two occasions. On July 
13, the iralicnt’s temperature was 101 degrees, ;ind the knee was swollen, bogg 3 ’, and tender. A scropuru- 
lont discharge leaked from the joint. Maggots crawled from the wound. 

On Jub" M, the joint was opened through the old wound, plus a pro.ximal e.x'ten.sion. Maggots again 
were present. A piece of woolen cloth and, from beneath it, a devitalized area of articular cartilage about 
one inch in diameter, depre.-sed into a defect in the comfvle, were removed. The defect was trimmed 
evenhv and the joint was thoroughfv in.spcctcd for further damage, but none w.as found. The medial 
meniseus was dull in appearance, but it was not friable and .«o it was not removed. After thorough irriga- 
tion. the s 3 movial membrane and the eap.-ule were clo.scd. and the joint w.as filled with penicillin. Im- 
mobilization w.as achieved 1)3'- means of a Tobruk splint, A dirt 3 ’’ wound of the ankle was debrided, but 
was not closed. Wounds of the shoulder were c.xcised and sutured, with drainage. S 3 ’stemic penicillin was 
continued. On the .second and third d.a 3 's after operation, the .s 3 -novial fluid was a.-])iratcd, and the joint 
was irrigated and filled with penicillin through a large needle. The temperature remained under 100 
degrees for five da 3 ’s, and then under 99 degrees. On .Tufv 19. five tla 3 ’s later, the skin was sutured; this 
left .a gap in the center (because of tension) and also a raw area over the patella. Quadriceps exercise.- 
w'ere instituted. Penicillin therapy was discontinued on July 29. On August 7, the wound was almost 
healed. Daily periods of knee motion, active and p.assive, were instituted. On August 22, it was noted that 
the joint reaction had subsided, quadriceps power was present, but onlv 10 to 15 degrees of flexion could 
be obtained. The shoulder wounds had healed. The patient was evacuated to the Zone of the Interior in 
September, wdth removable splinting for use at night as a precaution against flexion contracture. 

Record at Zone of the Interior 

On April 5, 1945, the patient was observed by a representative of this Theater at a Convalescent 
Hospital. All his wounds had healed, .and knee motion was possible from extension to 100 degrees. The 
knee was reasonably stable, and the patient had no complaints other th.an his restricted motion. 


Comment 

This case illustrates the necessity for and the effectiveness of an aggressive surgical 
program in early knee-joint sepsis. Obviously, drainage alone would not have controlled 
the sepsis, or have prevented complete destruction of the joint. The excisional surgery 
was the most important factor in the achievement of the excellent result. With the pabu- 
lum for joint sepsis removed, and with penicillin therapy to protect living tissue from 
invasive infection, the remainder of the program was effective in avoiding recontamina- 
tion, obtaining healed wounds, and promoting the early resumption of function. In the 
presence of inadequate initial surgery, penicillin therapy did not prevent sepsis. 
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CONCLUSIONS 

1. At the time of the initial surgical treatment, the preferred plan of management 
for penetrating wounds of the knee joint — regardless of the time interval between recemng 
the M'ound and operation — sliould include arthrotom}'"; excision of the devitalized tissue, 
including areas of destroyed articular cartilage; cleansing of the blood clot and debris 
from the joint; suture of the sjmoidal membrane or capsule; and immobilization of the 
limb in a hip spica or a Tobruk splint. 

2. At the time of reparative surgeiy, preferably from five to ten days after the intra- 
articular surgery, the skin should be sutured. 

3. Immobilization should be discontinued as soon as the danger of sepsis is past and 
the skin has healed, or is healing. Active and passive mobilization should then be in- 
stituted. 

4. In cases of suppurative arthritis of the knee joint, potential or established, the 
same surgical plan is indicated. 

5. Continuous drainage of fluid from the knee joint is not adequate surgical treat- 
ment in cases of suppurative arthritis ; moreover, it is not indicated. 

6. Systemic penicillin fat present the best available antibacterial agent), supple- 
mented by the local instillation of penicillin into the joint, should be employed in patients 
with wounds and suppurative arthritis of the knee joint, in order to prevent invasive in- 
fection of the living tissue. 

7. In the light of the problem and the hazards of knee-joint sepsis, knee-joint resec- 
tion has a definite, but fortunately a limited, application in the management of severe 
wounds and sepsis of the knee joint in military surgery. 

Note; This program wa.= developed under the supervision of Colonel Edward D. Churchill. Surgical 
Consultant. Mediterranean Theater of Operations. United States Army; and in conjuncdon with ^lajor 
Champ Lyons, of the Theater Consulting Staff, and Colonel Howard E. Snvder, Surgical Consultant. 
Fifth Army. The majority of the patients seen during the formative pha.=e of the program were on the 
sendees of Major Joe ^I. Parker and Captain John J. Modlin, Twenty-First General Hospital; Majors 
Joseph Godfrey and Benjamin E. Obletz. Twenty-Third General Hospital ; and Lieutenant Colonel 
George Duncan and Major R. D. Butterwortb. Forty-Fifth General Hospital. 

Acknowledginent for the illustrations used is made to Museum and Medical .Arts Sendee, United 
States Army Medical Museum. 
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SKIN-GRAFTING IN TPIE TREATilENT OF 0STE0:MYELITIC 

WAR WOUNDS 

BY LIEUTEXAXT COLOXEL KOBERT F. KELLY 
Medical Corps, Army of the United States 

From the Surgical Service, Orthopaedic Section, Ashford General Hospital, 

White Sulphur Springs, West Virginia 

During the past three years the writer has witnessed at close range the application 
of skin-gi-afting techniques to the healing and subsequent treatment of osteomyelitic 
wounds.®-' There is little basic difference between closure by skin grafts, either free or 
pedicled, and secondary or primary closure, as advocated and developed by Key, Dickson 
and his associates, Churchill, and Hampton during the War and the years which immedi- 
ately preceded it. In some war wounds, loss of both bone and soft tissue is so extensive as 
to preclude secondary closure, and some other means must be sought for inducing prompt 
healing. Free skin gi-afts will often effect healing of such wounds. 

At Ashford General Hospital this work has been carried out on an Orthopaedic Sec- 
tion manned by officers whose training has been in orthopaedic surgery, general surgery, 
or a combination of the two. A concerted effort has been made to satisfy the principles of 
skin transference, with especial reference to the avoidance of tension and the development 
and protection of the blood supply in pedicle grafts. In some instances the technique which 
could be applied to the task was inadequate to meet such basic requirements in the circum- 
stances which arose. Obviously, these instances represent failures. These failures are in 
some measure offset by the prompt, good results obtained in the predominating group of 
successes, and by appreciation of the severe problems presented by some cases. Because of 
his tremendous backlog of battle casualties, the skill of the army plastic surgeon will not 
be available to many patients with osteomyelitis for several years. The orthopaedic sur- 
geon, with an understanding of the basic principles of skin transference, but usually with 
little training in its details, will have to face some of these problems. It is the writer’s 
intent to present an abstract of the experience of the group with which he has been associ- 
ated in this work. 


SATICERIZATIOX 

Saucerization is a traditional word. Like debridement, it fails to describe accurately 
what is performed, but will probably continue in use for lack of a better term. Not only 
all dead tissue, but also all devitalized tissue must be removed, and the contour of the 
wound must be such that subsequent application of appropriate pressure to a skin graft 
will be possible. 


FREE SKIN-GRAFTING 

After saucerization, if the wound does not admit of tensionless closure with suitable 
elimination of dead space, skin-grafting is needed. Occasionally a pedicle skin graft may 
be applied directly to a well-saucerized wound. More often, a free graft must be employed, 
although usually this is but a temporary measure. Application of a free skin graft is an 
excellent test of the adequacy of the saucerization, for, wherever necrosis exists in the bed, 
there one encounters failure of “take”. 

Optimum Time for Grafting: A number of skin grafts have been performed at the 
same time as saucerization. Others have been done as much as six weeks afterward. At 
present, the author prefers the interval of four days. Following saucerization, vital tissues 

* Presented .-it the Annual Meeting of The American Academy of Orthopaedic Surgeons. Chicago 
Illinois, Januarj- 22. 10-16. = . a , 


VOL. 28, NO. 4, OCIODEB ID 10 


6S1 


682 


11. 1*. KIILLY 


within the wound ashume a coat of {j;ranulation.s. Necrotic ti.^diics and those of low vitality 
fail to do so, and will not suhtain a .-^kin ^raft. An appraisal of the rcceiitivenc-'Si of the 
woniul to a free skin }!;raft based purely on it.-’ ai)pearance. I'nrler an appropriate 
pressure dressing;, the granulations developin'' in a period of less than four days will he 



Fig. l-A 


Rc'Ult in .••e\eio aim wound witli oitooinye- 
lUis of lunnoui', ili'U.ictum, dolayod union, and 
ladial palsy. 

F)}? l-A’ Aiipc.uaiu'e -ix weeks after lieiiif' 
wounded bj’ lugli-explosivc .shell fiagmcnt. 
Note nceiotu’ hone in upper poition. 

Fif!;. 1-B; Shows wound five day.s l.itor, after 
sauecii/.ition and piO"Uie dic--inj;. Xote gen- 
eialb' hcaltliy a])i)eai.inee : ladial nciwe is seen 
in .antciior thud of wound. 



Fig. 1-C 

Fig. 1-C: Skin giaft has been sutuied into 
place. Note close fit of giaft to contours of 
wound. 



Fig. 1-D 

Fig. 1-D: Late lesult. Eaily “take” was bet- 
ter than 95 per cent. 
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Fig. 1-E Pig 1-F Fig 1-G 

Seudl loentgenogiams show spontaneous union Function returned to radial nerte in this 
patient. 


too inconspicuous to permit of ready differentiation between vital tissue and that which is 
necrotic, or potentially so. When such tissue is found in the wound, further surgery is 
performed for its eradication, and a new pressure dressing is applied. This procedure is 
repeated until, upon removal of the dressing, one finds only healthy tissue. No attention 
is paid to the bacterial flora present. Other technical factors being equal, results have 
appeared to be proportionate to the health of the bed into which the gi’aft was applied. 

Thickness of Graft: Certain situations justify the hope that a successful free skin 
graft will afford stable coverage of the wound and that subsequent treatment will be 
unnecessary. A graft 0.016 inch in thickness is probably ideal. A large number of grafts 
have been of this thickness, and the “take” has been excellent. Based on a few cases at 
Ashford General Hospital and on a number of Knight’s cases, which the author has had 
the privilege of observing, it seems apparent that thin grafts make for more rapid stabiliza- 
tion of healing. Knight, believing that all free grafts should be replaced, favors thin 
ones.® Considerable slough is apt to develop when thicker grafts are used. Separation of 
this slough requires time and care during the postoperative interval. Once this process is 
complete, an excellent coverage is present, a large percentage of whose surface contains 
skin accessories. Lessened surface necrosis attendant upon the use of a thin graft leads to 
more rapid completion of secondary epithelization; it saves time and trouble, and helps 
the patient’s morale. 


PEDICLE GR\FTS .APPLIED TO SAUCERIZED WOUXDS 

Immediate application of pedicle grafts to saucerized wounds is feasible when sauccri- 
zation has been thoroughly carried out and no potential dead space e.xists. Except for the 
abdominal variety, pedicle skin grafts can seldom be made available without advance 
planning. One is rarely able to predict in advance what the skin requirements will be 
after saucerization. Therefore, only in the upper extremity, and in but a few instances, has 
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Fig 2-D 

■Wound treated by saucerization and early application of abdominal pedicle flap, by-pa^sing 
dermatome graft. 

Fig 2-A. Photograph of onginal wound 

Fig 2-B Saucenzed wound four weeks later, immediately pnor to apphcation of abdominal 
pedicle. 

Fig 2-C Roentgenograms taken just before saucenzation. 

Fig 2-D Roentgenograms two months after application of pedicle 
Fig 2-E Roentgenograms taken after bone-grafting 
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the fi’oc graft bt;oii by-passctl. Murcuver, in I lie buiueru.s presenling o.stcoinyolitis with 
wcll-csliiblislu!(l non-union, heiiliiig of tlie fracture frequently follow.^ baucerization, free 
skin-grafting, and iuuuobilization (Figs. 1-A to l-(!j. Tliu.s we are left mainly with the 
forearm, upon which to [iracti.se direct application of the pedicle graft to the sauccrized 
wound (Figs. 2-A to 2-F). 


ItHl’LACKMKXT Ol-' I'UKK Clt.VMS 


If replacement of a graft i.^ anticipated, it is well to jilan it at the time of .saueeriza- 
tion. When a free skin graft is applied, the lir.-^t .stage in the development of any pedicle 
which is needed may be carried out. In some in.'^lances induration and ocflema, persisting 
long alter saucerization, [ireclude secondary clo.^ure. As .■surface healing progresses in 
re.spouse to free skin-grafting, however, local tk-ues become more pliable, and closure is 
practicable. Alter excision ot the tree skin graft, simple clo.sure may be effected by appro.xi- 
mation ul opposing tis.-'ius, or it may be neces.-'ury to form some type of pedicle from local 
tissue. 


Abdominal Pedicle Flajj.-i: Abdominal pedicle flaps, as described by Brown, have been 
most satisfactory to rejiair skin defect.^ of the arm and forearm (Fig. 3), If the pedicle is 
relatively wiile, the flap can be based in any direction. .-Vt first a preliminary elevation was 
Iterformeil, and a free skin graft was placed lieneath the flat) a week before its initial appli- 


cation. Portions of these free 
grafts were lost through macera- 
tion and friction, and we now 
realize that most defects left in 
abdominal skin by transference 
of flaps can be closed by under- 
mining and approximating the 
skin edges. Larger and more 
complicated flaps should be 
planned in advanec. A stock- 
inette i^iattcrn may be cut the 
shape of the area to be covered, 
although a little larger. The pat- 
tern, cut with a wide pedicle, may 
then be strapped to the abdomen 
with adhesive tape in various 
positions (Figs. 4-A to 4-E). Thus one can assure in advance an abundant blood supply 
at the base, a comfortable and readily maintained position of the arm during transfer of 
the flap, and a pedicle free of abrupt kinks or twists. The pattern may be sterilized with 
the instruments for use at operation. 

The wider the base with respect to length of the flap, the safer. The limit of safety 
for a flap, to be raised and applied in one stage, is in the ratio of two units of length to one 
unit of width of pedicle base. Where the base includes the epigastric vessels, this ratio can 
safely be exceeded somewhat. It is a good rule to proceed slowly, -watching for the danger 
sign of cyanosis of the skin edges. If this is encountered before the flap is completely ele- 
vated, a delay of a week will be necessary. A corollary to this is that one should not denude 
the area to be resurfaced until a transferable flap has been assured. 

Adhesive strapping serves as a satisfactory immobilizing agent for most abdominal 
pedicle flaps. It should be applied so as to discourage maceration and permit frequent 
dressings. 

Cross-Leg Pedicles: The technique outlined by Ghormley and Lipscomb in perform- 
ing cross-leg pedicles has been followed. Advance planning is again important, and may be 
carried out as explained previously. A preliminary outlining down to the deep fascia is 



Fig. 3 


Re]ircscnlali\'e abdominal pedicle flap. Note extreme wiiltli 
of pedicle, absence of abrupt twisting, kinking, or torsion, and 
comfortable jjosition of forearm. 
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made by parallel incisions, a nearly complete undermining is done a week later, and a 
dermatome graft is jilaced beneath the pedicle at the end of the second week. AYith the use 
of the dermatome graft, “takes” have been excellent; and there have been no deleterious 
effects on the deep surface of the overling pedicle. Time, there has been fibrosis of this 
deep surface, which is resected when the flap is applied; but such a procedure seems 

necessary with any flap undermined 
at a stage prior to its application, 
and the necessity of performing it 
cannot be blamed solely on the der- 
matome graft. It is of considerable 
advantage to have the donor site al- 
ready surfaced with skin at the time 
the pedicle is transferred. The end 
of the flap to be transferred is par- 
tially severed a week after derma- 
tome grafting, and a few daj's later 
it is completely severed and miflally 
applied to the recipient area. 

To avoid abrupt kinking and 
twisting of the pedicle, it is some- 
times desirable to outline the flap 
obliquely, or even to base it distally 



F:g 4-.A 


Fig 4-B 



Fig 4-C Fig 4-D Fig 4-E 

Planning and execution of a large abdominal pedicle flap 

Defect (Fig 4-.A) and stockinette pattern held in place with adhe^iie tape (Fig 4-B) 
Pattern in position on arm (Fig 4-C) and flap similarly placed (Fig 4-D) 

Fig 4-E Result 


instead of proximal^ The farther the axis of the pedicle deviates from the normal direc- 
tion of blood flow in the e.xtremity, the gi eater the care with which it must be developed 
If the base or direction of a cross-leg flap, prior to the initial application, is bizarre, partial 
severance had best be carried out in tv o or more stages 

Just before initially applying the cross-leg pedicle, the legs are placed in the intended 
position of application, and the position of the joints is noted. Plaster immobilization is 
applied to each leg individually, in older to maintain fi.xation in the position noted. Ample 
windows expose the pedicle and the area for resurfacing. After transfer of the pedicle to 
Its new site, which is effected through stockinette draping over the plaster, one has but to 
join the two plasteis by incorporating braces, making sure that no tension exists on the 
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Fig. 5-C 


Fig. 5-A : Pedicle of fat from large tube 
used to fill cavity. Note size of tube. 

Fig. 5-B- Large pedicle of fat devel- 
oped from tube, which is perhaps a little 
long for safety. Note tibial cavity with 
gauze sponge in its depth 
Fig. 5-C: Fat pedicle being led into 
cavity. 

Fig. 5-D; Apphcation of tube to 
wound. Because of the excessive length 
of its pedicle, the fat became necrotic 
after the final stage. 

pedicle. Whenever possible, a ped- 
icle skin graft should be observed 
for circulatory changes in two 
hours, and again in twenty-four 
hours, after application. Minor ad- 
justments may avert disaster; and, 
at times, immediate return of the 
pedicle to its previous site may be 
indicated because of poor circula- 
tion. 

DE.AD SPACE 

The replacement of derma- 
tome grafts, originally applied to 
saucerized osteomyelitic wounds by 
the process described, is practicable, 
provided the contours of the skin-grafted area present no potential dead space. All such 
space must be obliterated if one hopes successfully to effect replacement of the dermatome 
graft by pedicle skin transplants. Localized pressure or localized tension sutures, used in 



Fig. 5-D 
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an attempt to force the pedicle into dead space, jeopardize the circulation to distal points 
of the pedicle. To avoid this, one must eliminate cavities by some means which do not 
ofl’er insuiferahle insult to tissues. 


Aiitofjcnous Iliac-Bone Chips 

The author has had dismal failure in attemi)ting to introfluce chij)s into bone cavities 
in these wounds; infection re.^^ulted in most cases. Knif^ht Jiiid \\'ood have reported success. 
No c.vplanation can be olfered for these failures; iliac chips have been employed with 
success in less favural)le circumstances. Other means have thus been sought for dealing 
with cavitation. 


Tubed Pedicles 

One alternative to iliac-bone chips for filling these cavities is fat brought in with a 
tubed pedicle of skin. The fat can be “inverted” into the cavity in various ways (Figs. 
5-A to 5-D), care being taken to maintain its blood supply intact. Where the cavity is 
excessively large and steep, a tremendous tube ma}' be required, and here this method finds 
its greatest limitation. 

Although the two-to-one ratio of length to width may be slightly exceeded in most 
tubes with safety, there is little to be gained from it in these patients. Later extension of 
the pedicle, either by a “paddle” or by further tubing of skin, is more feasible. After two 
weeks, the end of the tube for transference is pinched off for increasingly long periods, up 
to a half hour, with minimum color change indicating good circulation. 

jNIost of the trouble with tubes has arisen from shortcomings in that sphere with which 
orthopaedic surgeons .should bo most familiar, — namely, immobilization. When tubes are 
transferred, the suture lino must bo protected from tension and excess mobility, and the 
entire tube from kinking. During transfer to the wrist, a plaster body jacket fi.xing the 
shoulders and hips has been found most satisfactory. This is joined by braces to a plaster, 
which maintains the wrist in cock-up position and the elbow flexed as much as the position 
of the tube permits. The angle of approach of the tube to the wrist, which can be con- 
trolled at this stage, should be planned so as to minimize kinking at the next stage; and 
forethought results in placing the eventual position of the suture line so that the tube need 
not be subjected to torsion, when transferred. The window in the arm plaster, through 
which the tube passes to its suture line at the wrist, must be ample to avoid impingement 
on the tube. For the same reason, the extremity must be fixed firmly in the plaster by 
dorsiflexing the hand and flexing the forearm. These principles of immobilization should 
be adapted to successive stages of transplantation of the tube, and rigidly observed. 


Methyl Methacrylate 

Captain E. R. Zaglio, of the Orthopaedic Section at Ashford General Hospital, has 
recently used implants of methyl methacrylate as a filler of dead space in the wounds under 
discussion. Several patients have been treated in this fashion. Skin to cover the acrylic 
has been taken from practically every source mentioned in the foregoing discussion, and 
prompt healing has resulted in each instance. It seems reasonable to hope for success in 
replacing these implants with bone after a time; likewise that in certain instances this 
rather inert substance may be left in place indefinitely. 


SUMMARY AND CONCLUSIONS 

Techniques of plastic surgery can be applied to the treatment of certain types of 
osteomyelitic wounds. Success in producing healing by free skin-grafting has been con- 
siderable. Later stages of reconstruction in these instances have succeeded, often in pro- 
portion to the operator’s facility in performing pedicle skin transplants. In replacing free 
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skin grafts with pedicles in this group of patients, dead space presents a major problem. 

Contrary to the e.xperience of others, attempts at Ashford General Hospital to fill such 

cavities with iliac-bone chips have resulted in a high proportion of infection; and other 
filling materials have been used, with varied success. 
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DISCUSSION 

Colonel Leon.ard T. Peterson, Medical Corps, Army of the United Slates: My experience with the 
technique described by Colonel Kelly has been limited to observation of the orthopaedic surgerj' at a 
considerable number of Army hospitals. In the early months of the War, it was customary’ to treat 
chronic osteomyelitis for long periods with plaster and infrequent dressings. Often the surgeon was 
reluctant to carrj^ out the surgeo' required for adequate drainage and remoA^al of sequestra. I am glad 
to say that a more aggressive attitude has been taken in recent months, with the excision of sequestra 
and other de\dtalized tissue, followed by early skin-grafting. Secondarj^ closure of these wounds, Avithout 
preliminary skin-grafting, has not usually been successful. The development of early saucerization, fol- 
lowed by skin-grafting, parallels closely the early secondarj' closure of compound wounds, as developed 
especiallj' in the Mediterranean Theater and later practised in all theaters. 

The method presented today represents one of the most important de\’elopments in reconstructive 
surgery of the War. Colonel Kelly deseri'es praise for his careful and honest ei'aluation of his results. 
Colonel ICnight has recently published his outstanding results in bone-grafting the large defects which 
remain after skin-grafting. The orthopaedic and surgical consultants have contributed toward encour- 
aging improved methods. 
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RESTORATION OE BONE STRENGTH WITH REINEORCEiMENT 

BONE GRAFTS ** 


I3Y LIEUTENANT COLONEL GEOUfiE JC. CAlU’EN'l'EIt, MAJOU liODEItT T. LOSENFELD, 

AND MAJOU KAUL F. .MECII 

M cdictil Cor/is, Arnnj oj the United titiitcj 

Frequently n friieture progresses to union of such limited extent that full function 
should not be permitteil beeiiuse of the danger of refraoturc. This condition of bone heal- 
ing occurs most freciuently after severe compound, comminuted fractures of the long 
bones, particular!}' if there is an associated ioss of bone stdjstance. The authors have called 
this status of insuHicient fracture healing by the descrii)tive term of ‘‘limited union”. It 
has been found possible to restore bone strength and substance by the application of 
autogenous bone grafts, thus reinforcitig the site of limited union sufficiently to permit 
earlier and unprotected use of the extremity. 

The condition called limited union is not to be confused with delayed union. Delayed 
union progresses to solid bony union in due time, and the end result is compatible with 
normal function. Limited union is actually a condition of soliil bony union; but the end 
result is a shaft which is incapable of normal function, since it is weaker and usually 
smaller than normal. The protected use of the extremity, such as with the prolonged use 
of a brace, docs not, as a rule, stimulate increased bone substance at a sufficiently rapid 
rate to justify such a conservative procedure. 

Limited union may manifest itself in various ways. The fracture may be united by 
bridging callus, with no evidence of union between the fragments. A comminuted fragment 
may bridge a large bone defect and solid bony union may result, but the fragment cannot 
possibly increase sufficiently in size and strength to permit un])rotcctcd use of the extrem- 
ity. Another type of limited union is seen frequently following the loss of a large com- 
minuted fragment which docs not include the whole circumference of the shaft, and in 
these cases the shaft is rendered smaller in size at the site of union. Since severely com- 
pound, comminuted fractures often become infected subsequently, healing occasionally 
results in sclerotic bone which is not so strong as normal bone. Limited union is also seen 
occasionally after simple fractures. 

There is no claim to originality in the reinforcement of the site of limited union by 
bone grafts for the purpose of quickly strengthening the fracture site sufficiently to permit 
normal function. One of the writers (G.K.C.) employed such a procedure as long as twenty 
years ago ; but it was not until World War II that the operation was done in large numbers 
or without having first used a walking brace for many months in the vain hope that a larger 
and stronger fracture repair would develop. In the early days of this War we were inclined 
to delay; and, in so doing, many valuable days were lost. A few patients on furlough were 
sent to Halloran General Hospital following refracture, and roentgenograms often showed 
that the fracture had occurred at the site of limited union. Refracture occurred in two of 
the authors’ patients while they were in the Hospital, in spite of awareness of this problem 
and vigilance in protecting the extremity. A compound, comminuted fracture is likely to 
require a long period of treatment, and early recognition and grafting in cases of limited 
union will very materially lessen the length of time necessary to effect recovery. AH 
patients showing by roentgenogram the early manifestations of limited union are possible 
candidates for a reinforcement graft. It has always been the authors’ policy to delay a 
bone-graft operation until three months after complete wound healing, in order to mini- 
mize the incidence of infection. The extent of bone healing at this time will nearly always 

* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illi- 
nois, January 22, 1946. 
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indicate whether the fracture will progi-ess to a complete and sufficient union by conserva- 
tive measm’es. 

The first operation performed at Halloran General Hospital for limited union took 
place on November 26, 1943. 

On March 30, 1943, the patient had sustained a severelj- compounded, comminuted fracture in the 
upper third of the shaft of the right femur. He was admitted to the Hospital on April 30. The plaster 



Fig. 1-A 


Fig. 1-B 


Fig. 1-A‘ Case 1. Limited union of femur, six months after mjury. 
Fig. 1-B : End result after operation. 



Fig. 2-A 


Fig. 2-B 


Fig. 2-A: Case 3. Severe compound, comminuted fracture of tlie femur, with Umited union. 
Fig. 2-B ; Result after bone-grafting for limited uninn 
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cast, which had been applied iu Africa, was immediately removed, and the limb was put in suspension- 
traction. The patient had also sustained a compound fracture of the left radius. Both wounds healed 
promptly. Clinical and roentgenographic examinations made four months after the injur 3 ' showed bony 
union, but the roentgenograms revealed so much loss of substance at the fracture site that it was believed 
necessarj' to continue the use of traction. After four months of traction, the roentgenographic findings 
were unaltered, and a reinforcement bone-graft operation was performed. This patient could have been 
operated upon three months earlier, as wound healing had occurred in less than two months after the 




Tig. 4- a Fig. 4-B 

Fig. 4-A; Case 7. Showing defect of tibia; Umited union is present. Prior to bone-graft operation, 
the scar tissue was removed from the bone defect, and the cavity was obliterated and covered with a 
full-thickness skin graft. 

Fig. 4-B ; End result, following bone-graft operation. 



Fig. o-A j-ig. S-B 

Fig. 5-A; Case 9. Showing limited union of humerus, following a severe compound, comminuted frac- 
ture which became infected. Notice dense sclerotic bone. 

Fig. 5-B: ^teroposterior and lateral views after bone graft. Note that osteotomy was not performed 
to improve the mild angulation at the site of fracture. ^ 
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injury, and lie Inul fauffered very little infection. Limited union wab not rccogni-icd early, and, in conse- 
quence, the opeiation wab perfoimcd at the end of eight montlus. The end rcbult, however, was ab follows: 
no defounity, no bhortening, no limilalion of joint motion, and, linally, e.xcellent function. This patient 
remained in traction for more than ten montlui, but fortunately he was confined in plaster for only the 
first month after injury. 

Wcll-supcrvisccl physical therapy, which iiicluclcd an effective e.xercisc program to 
preserve muscle tone and joint motion, diil much to hasten the restoration of function in 
this and similar cases. 

From November 1943 to September 1945, a total of fifty-two operations for limited 
union were performed at tliis Hospital by reinforcement bone grafts. The bones requiring 
operation were as follows: femur, nineteen cases; tibia, eleven cases; first metatarsal, one 
case; humerus, eleven cases; ulna, six cases; and radius, four cases. These operations were 
performed by the various members of the Orthopaedic Section; the writers either per- 
formed or assisted in the majority of the operations. Tibial grafts with multiple chips and 
cancellous bone from the upper tibia were used in most cases. Iliac grafts may be used 
advantageously. Since in these cases union is present, even though it is not strong, it is 
unnecessary to employ extensive internal fixation of the graft, nor is external splinting 
always necessary. The extent of the limited union will help to determine the character of 
the fixation of the tibial graft and the type of external splinting. As a general rule, screws 
are used to fix the graft; and plaster casts are used for external fixation, except for the 
femur, which is almost always treated {)ostopcrativcly in suspension-traction. 

No new operative methods arc presented, as it is believed that any type of sound 
grafting will be effective. Naturally, a sufficient amount of bone must be used to effect 
strong bony union. Penicillin therapy has been used, both before and after the bone-graft 
operation. The prerequisites for bone-graft surgery, which have been recorded by the 
authors and by such other writers as Brown, Lyons, and Murray, demand meticulous 
preoperative and postoperative care, both of the patient and of the involved extremity. 
When the patient and the extremity have been properly prepared for bone-graft surgery, 
the incidence of complications will be very low and excellent operative end results will be 
obtained. In one patient a previous infection flared up, but it was controlled quickly; and 
the case progressed to good bony union after removal of the screws and a small portion of 



Fig. 6-A Fig- 6-B 


Fig. 6-A; Case 13. Roentgenograms show limited union of ulna. 

Fig. 6-B; Roentgenograms show final end le&ult after bone-giaft operation. 

THE JOURNAL OF BONE AND JOINT SURGERV 


RESTORATION OF BONE STRENGTH WITH BONE GR.AFTS 


697 


the graft, which had sequestrated. It has been possible in all instances to restore bone size 
and strength suffieiently to permit unprotected function following reinforcement bone-graft 
operations for cases of limited union. 
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DISCUSSION 

Dr. W. W. Plummer, Buff.wo, New York: .A.s Civilian Consultant to the Orthopaedic Sections of 
the General Hospitals of the Second Service Command, it has been mj- privilege during the past two 
and one-half years to make frequent visits to Halloran General Hospital. As a result of those visits, I 
have had the opportunitj- of reviewing personally much of the material presented bj' Dr. Carpenter. 
Some of these cases I have seen through to the stage of end results. I would like to say that, under the 
conditions described in the speaker’s presentation, the procedure has my wholehearted approval. I am 
sure, from what I have seen, that a protracted recovery period has been materially shortened, and a 
functional end result has been obtained, compatible with the tj-pe of original injury- and superior to the 
end results expected from our previous experience with similar cases. 

My personal observation of the cases upon which this presentation is based has led me to make two 
comments. The first is that, watching tire progressive changes noted in a series of roentgenograms 
throughout the recovery period of anj- one of these cases, it seems to me that the bone graft itself and 
the adjacent bone structures show a remarkably rapid vascularization and trabeculation, and increased 
bone bulk. My own opinion is that, where there is solid imion, the osteogenetic actmties of the graft 
material are hastened. 

My second comment refers to this same problem, in relation to the ununited fractures of the shafts 
of long bones. In 1932, at Toronto, I presented some twentj--odd cases of non-union of fractures of the 
shafts of long bones. Those cases were in a waj- analogous to the material imder discussion, because all 
the patients had been through a series of one or more reconstruction procedures. All the fractinres had 
failed to unite, and some of them had been complicated bj- infection. All of the cases of that series were 
treated by internal fixation (plating) plus osteogenetic material of some sort, — onlaj-, inlay, or chip 
grafts, or osteoperiosteal ribbon, as the individual case seemed to demand, ilj' thinking at that time 
was based on a maximum amount of positive fixation with a minimum amount of surgical trauma. Thus 
I favored the plates and bone grafts, as against single or multiple massive grafts, which required exten- 
sive soft-tissue stripping to permit appUcation of enough bone-graft material to supply- adequate fixation. 
This produced minimum disturbance of existing blood supply in an already- extensively- traumatized 
area. In all of those cases the fractures progressed to functional union. 

The point I am trying to make is that, in the light of the material so ably presented in the paper 
under discussion, we might well consider the desirability of the addition of internal fixation by an inert 
metal, with the expectation of more rapid healing and a consequent shortening of the recovery period, 
in our civilian cases of ununited fractures. 

Colonel Robert H. Kennedy, Medical Corps, Army oj the United States’. As Consultant Surgeon, 
Second Service Command, I have had the opportunity of obser\-ing many of the patients at Halloran 
General Hospital upon whom the essaj-ists performed these reinforcement bone grafts. The importance 
of the subject is far too little recognized. In fact, it would appear that many surgeons have never heard 
of it. 
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The possible later application of this procedure is one of the excellent arguments for maintaining 
proper length and axis, even in the presence of a large bone defect. On several occasions at Ilalloran I 
have seen perfect length and axis with a bridge lc.«s than a fiuartcr inch in diameter acros.s a wide defect, ' 
A reinforcement graft is not so formidable a j)roceduro for this patient a.s is a graft for a complete defect. 
Loss exposure and manipulation arc required to prepare the bed; complete internal fixation is obtained 
with less hardware; and a much shorter jjcriod of immobilization after operation is required. Constant 
supervision of proiicr traction in the large defect i.s a.s important as in any other case. 

It has not been uncommon to sec patients, .sent to the Convale.sccnt Hospitals for reconditioning 
from General Hospitals all over the country, with union so limited that it is hard to imagine why the 
bones have not rcfracturcd long before, after the braces were removed. ApiJarently the surgeon has been 
so pleased to get boity union that he has forgotten that, if union exists in one half the diameter in each 
of two right angle pianos, it means that a 25 per cent, volume of bone is called upon to do the work of 
100 per cent. This is mature bone or sclerotic bone, and in either instance it will incrca.se in diameter but 
little, since it is already surroundcil largely by scar li.ssue. The time (o have reached t!io decision that 
more bone would be required was within three months after wound healing; further delay in most in- 
stances entails useless confinement for the patient. Itefractiire means starting over again, with a poorer 
chance than the first time. 

If the original strut has any strength before the reinforcement graft is applied, the time of external 
immobilization or traction can bo markedly rliminishcd afterward. iVfany i)atients will need no more 
than two or three weeks, — that is, until good wound healing has been obtained. If this volume of bone 
was sufficient to permit the patient to walk before operation, there will be no particular strain at the site 
of an onlay graft; and after a few weeks even the position of chiiis will change but little. This fact over- 
comes one’s hesitation to immobilize the joints a second time for a prolonged period. The main require- 
ment, however, is to give the patient a sufficient amount of strong bone to support him safely the rest of 
his life, — not merely until he is out of the surgeon’s hands. 


THE JOURNAL OF BONE AND JOINT SURCERI 


THE SURGICAL PRINCIPLES OF SPLIT-THICKNESS-SKIN GRAFTING 


BY ALBERT L. LEVETOX, M.D., IOWA CITY, IOWA 
From the DcparlmcnL oj Orthopaedic Surgery*, Stale University oj Iowa, Iowa City 

IXTRODUCTIOX 

Plastic repair of lost integument does not lie in the domain of the plastic surgeon 
alone, but also comes within the sphere of the orthopaedic surgeon. Little is gained by- 
restoring the continuity of a bone and preserving the integrity of a joint, if deformity and 
loss of functional activity result from scar tissue. 

There is no doubt that early replacement of skin loss decreases mortality, morbidity, 
and the cost of illness, and prevents disfiguring scars, deformity, loss of function, and the 
occurrence of unsuitable weight-bearing surfaces. 

John Staige Davis, in discussing a paper-^ read before the American Surgical Asso- 
ciation in Chicago, IMay 3, 1944, stated: “It has been my observation over many years, 
that skin grafting, although a fairly simple process in the hands of those who know hpw 
and when to use it, is more consistently bungled than almost any other surgical procedure.” 

Although the author claims no originality for the methods advocated, and recogni 2 es 
that this paper does not deal exhaustivelj’^ with the many problems confronting the sur- 
geon who contemplates restoration of lost integument, he will attempt to present those 
factors which have given him the most satisfactory results and which he believes to be 
basic surgical principles in the rational treatment of those cases which can be treated by 
split-thickness grafts. Skin-gi-afting requires infinite attention to multitudinous details 
of technique, the utmost gentleness, and intimate understanding of wound-healing proc- 
esses. It should not be a fortuitous occurrence, since its success can be assured by an 
understanding of the surgical principles involved. 

Contributions advocating new techniques have been so numerous in the medical lit- 
erature in recent years that the casual operator is frequently bewildered as to the method 
to be used. This contribution was conceived with the view of presenting sound surgical 
principles for the basis of indications for the split-thickness graft. 

HISTORY 

The practice of tissue transplantation dates back to antiquity. The East Indians and 
Egyptians performed rhinoplasties 3,000 years before the Christian Era by the use of a 
pedunculated flap from the forehead. 

Although Tagliacozzi at the University of Bologna, in 1597, is credited with founding 
the Italian school of rhinoplasty, by his own writings he concedes that his method of 
repair was based upon the teachings of Branca, a Sicilian surgeon of the year 1442. Fol- 
lowing Tagliacozzi’s death, plastic surgeiy fell into disrepute because of the influence of 
the church ; and very little progress was made until the Nineteenth Century. 

With the ebb and flow of civilization and learning, Carpue, a London surgeon, revived 
the Indian flap method of transplantation in the year 1816. Concurrently, Dieffenbach in 
Germany started transplantation experiments in animals. Although fickle history has 
placed the mantle of recognition about the shoulders of Jacques Louis Reverdin, a Swiss 
of French ancestry, as the first to transplant a small piece of skin in 1869, Dieffenbach 
was the first to succeed, in 1824. Similarly, although Louis Xavier Ollier contributed a 
paper in 1872 on the successful transplantation of a sheet of thin skin and Carl Thiersch’s 
first paper on a similar result appeared in 1874, jmt it was George Lawson of London who 
reported the first successful attempt on November 11, 1870. 

* Service of Arthur Steindler, M.D. 
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John Reisbci’g Wolfe puhlishcci flic first pnper on full-thickness grafts in 1875, and a 
few years later Fedor Krause reported on over 100 successful full-thickncss grafts. 

The full flood of the advance of plastic surgeiy was reached at the turn of the cen- 
tury. Goldmann, in 1893, and John Staige Davis and Traut made notable contributions to 
our understanding of the mcchanisin by which grafts “take”. Davis introduced the deep 
pinch graft, which was a decided iinproveinent over the Reverdin graft; although its 
application in modern skin transplantations is very limited in scope, it still has a place in 
the treatment of skin loss in debilitated patients and in those whose wounds are grossly 
infected and thus offer little chance for the survival of more suitable types of replacement. 

The disadvantages of using this medium for skin replacements arc that the donor site 
is almost always spoiled as a donor area for other types of graft; the donor and recipient 
areas arc unsightly; and the result is functionally unsuitable because of the massive scar 
tissue between the pinch grafts. 

The author heartily agrees with the statement of Gabarro, when he says: “Many 
reasons are given to explain why'’ the pinch graft takes so easily. In my opinion, the main 
reason is that the grafts arc so placed that enough room is left between them to allow of 
free discharge, and nothing intervenes between the graft and the recipient area.” The use 
of the pinch graft has, therefore, resulted in applying emphasis to an important surgical 
principle. In infected or potentially infected wounds, adequate measures must be'taken 
in the application of other forms of skin transplantation to assure free drainage for the 
successful take of the graft. This will be elaborated upon later. 

Many varieties of pinch grafts have been described. They include the chessboard 
graft of Gabarro, Poth’s strip grafts, cut to form “flagstones”, the sieve grafts of Douglas, 
and postage-stamp grafts. A long glossary of names may be compiled to designate vari- 
ants of the multiple small grafts. The one feature which differentiates these grafts from 
the Reverdin and Davis grafts is that a sheet of split-thickness skin is cut, either free 
hand or by mechanical means, thus assuring regeneration of the donor site. The graft is 
then cut into various shapes and sizes and placed upon the recipient bed. Many methods 
of maintaining contact between these small pieces of skin and the bed have been described. 
Among them are the coagulation contact method and the pliofilm-covered multiple grafts 
of Hardy and McNichol. Other variants of multiple small grafts may be mentioned, in- 
cluding Braun’s method of burying small pieces of living skin in the depths of the granu- 
lating tissue in heavily infected areas, and the tunnel gi’afts described in 1912 by MacLen- 
nan and in 1917 by Esser. All these methods have limited usefulness in special cases; they 
are not methods of choice, but of necessity. 

The scrape and injection method of skin-grafting is mentioned here merely to con- 
demn it as unsurgical in principle and unsatisfactory in results. In no case thus far re- 
ported has healing taken place before the lapse of many months of treatment, and the end 
result w’^as unsatisfactory functionally and cosmetically. Infinitely more adequate methods 
are known, based upon sound surgical principles of preoperative care of the recipient area 
and resurfacing of the wound. 

Credit for the full-thickness graft rightly belongs to Blair, John Staige Davis, Garlock, 
Dragstedt, and Conway. Filatoff in 1916 and Sir Harold Gillies in 1917 introduced the 
tubed-flap graft. 

Padgett introduced the dermatome, which placed in the hands of surgeons an instru- 
ment that makes the cutting of a graft a matter of mechanical precision. To Blair, Brown, 
McDowell, and Padgett go the credit for the introduction and popularization of the spht- 
thickness graft. 

Recent literature is replete with references to new techniques in the use of free grafts. 
Some are based upon sound scientific principles and wdll endure ; and others will disappear 
into oblivion. 
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THE SPLIT-THTCKXESS GRAFT 

The split-thickncss graft has the greatest range of usefulness in the repair of skin loss 
of all methods of skin transplantation. Thi’ec types are to be distinguished: first, the thin 
split-thickness graft, or Ollier-Thiersch graft; second, the intermediate split-thickness 
graft of Blair; and third, the thick split-thickness graft. These differ from one another 
only in the amounts of epidermis and dermis which are taken. At one time it was believed 
that the Thiersch graft represented merely the epidermal elements of the skin; but all 
authorities agree that it is somewhat more substantial than that, and includes at least 
parts of the papillae of the skin. Its thickness is usually between 0.006 and 0.01 inch. The 
intermediate split-thickness graft of Blair varies from 0.012 to 0.016 inch. The thick split- 
thickness graft is from 0.02 to 0.024 inch; it may represent from two-thirds to four-fifths 
of all the skin elements present. The intermediate and split-thickness grafts have in a 
large measure displaced other forms of skin transplantation, except in special cases. TheA’^ 
do not have the disadvantages of a Thiersch gi’aft, which is inadequate functionally and 
cosmetically. The Thiersch graft, although useful and successful as a temporaiy coverage 
to obtain healing in moderately infected areas, is unsuitable for weight-bearing surfaces 
and areas exposed to trauma; and its property of contraction makes it umsuitable for use 
over joints or mobile surfaces. The full-thickness graft is also rapidly being replaced in 
large measure bj’ the use of the thick split-thickness gi’aft, except in cases of syndactylism 
or Dupuytren’s contracture, and in small areas. A split-thickness graft of from 0.02 to 
0.024 inch has almost all the advantages of a full-thickness graft, without the risk of loss. 
In the hands of the most expert operator, partial or total failure of full-thickness grafts 
occurs in 20 per cent, of cases in the aseptic wounds; in the granulating wounds the per- 
centage of take is so small that it does not warrant the risk. 

A split-thickness gi'aft or any free gi’aft will not “take” on exposed tendons or bare 
cortical bone without periosteum; but if the area is small — for instance, less than one 
centimeter — it may carty a lateral blood supply of its own to bridge small areas. The 
split-thickness gi’aft takes well on fat, muscle, granulation tissue, and even on scar tissue. 
Furthermore, a split-thickness gi’aft causes no concern about coverage of the donor area, 
as rapid regeneration in this area from sweat glands and hair-follicle elements is assured. 
Brown and ^IcDowell^ have referred to this as “dedifferentiation” of the deep glands of 
the derma into squamous epithelium, and state that the squamous epithelium covers the 
surface in from six to eight days. 

The thickness of whole skin varies greatly according to age, sex, race, complexion, 
various degi’ees of nutrition, and different areas of the body. The character of the skin 
varies also in different portions of the body. In children, the skin rarely exceeds 0 016 inch 
in thickness. In adult males, the skin is thicker than in females; in fair-complexioned 
people it is thinner than in dark-skinned indmduals. The skin from the chest, abdomen, 
inner aspect of the upper arm, or inner thigh is thinner than that on the back, outer thigh, 
or buttocks. 

On the back the epithelium is relativelv thin, but the derma is so thick that a full- 
thickness graft from this area cannot be relied upon to sundve. This region, howeA'er, is 
useful as a donor area for repeated gi’afts. Brown and ^IcDowell® report taking five crops 
of split-thickness skin from this area ; in one instance, only nineteen days elapsed between 
the taking of two successive grafts. The skin on the palms and on the soles of the feet is 
the antithesis of that on their dorsal aspects; the epithelium is thick, the derma is thin, 
and hair follicles are not present. 

Hoinogi-afts take almost universallv, even without regard to blood groups. Brown 
and ^McDowell report their use in twentv-six patients who were gi’ouped by the M and X 
classification. Although these homografts may be life-saAung and are frequently used in 
children with extensive burns, they begin to disappear in three weeks by a melting-awav 
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process without pus formation, and are completely absorbed in from ton to eleven weeks. 
It appears that the proteins of homografts arc antigenic and that the host requires about 
three weeks to build up a maximum allergic response, as evidenced by the fact that appli- 
cation of a second homograft from the same donor fails completely. As an emergency 
measure, it stops pain; there is improvement of the patient’s general condition; and the 
graft appears to stimulate the wound to cpithclialization. Brown, in 1937, reported one 
instance of successful homografting in identical twins. 

Skin preserved by refrigeration usually fails to take, although isolated cases of success 
have been reported with skin preserved up to two weeks. In the author’s opinion, it is 
useless to tempt fate with so uncertain a procedure. 

Split-thickness grafts can be used in the following situations: (1) in clean granulating 
surfaces; (2) over the yellow^ base left by excision of granulation tissue; (3) in extensive 
burns, crushing injuries, or avulsions; and in infections with loss of tissue, as soon as the 
granulating bed is clean; (4) over fresh raw surfaces, if subcutaneous tissues are still 
present in the floor of the wound; and (51 as an intermediate step before the application 
of a full-thickness graft in obliterating osteomyelitic cavities. 

Obviously the thicker the split-thickness graft, the better the coverage and the less 
the shrinkage. A thin graft or one of intermediate thiekness, on a fresh raw" surface or on 
a movable base, may contract as much as 60 per cent. When laid on a freshly denuded 
scar base, on periosteum, or in an area surrounded by tense skin, the shrinkage is less. 
Other factors that the surgeon w"ill have to w^cigh are the available donor sites and the 
presence of infection. Should any question arise about the cleanliness of the recipient area, 
the surgeon w"ould do w"ell to err on the side of conservatism and choose a graft of lesser 
thickness, rather than risk the loss of a thick split-thickness graft. 

The Mechanism of Take 

The graft, securely sewed into the recipient area w"ith adequate hemostasis and firm, 
even pressure, heals in a manner quite comparable to the healing of a bone graft. In about 
five hours the graft is firmly attached to the base by the formation of fibrin, and leuko- 
cytes and fibroblasts begin their invasion of the clot. According to Goldmann, for the first 
twenty-four to forty-eight hours the viability of the graft hangs in the balance, depending 
as it does upon the plasma and the lymph for its nourishment. In about eighteen hours 
endothelial buds, arising from the proliferation of the endothelium of the host blood ves- 
sels, begin to invade the graft. Padgett is of the opinion that endothelial buds connect 
wuth the endothelial spaces of the graft. He believes that the failure to connect w"ith the 
endothelial spaces of the graft causes local degenerative changes to take place. This is the 
reason for sewing a graft into place under normal tension, so as to establish and maintain 
the patency of these endothelial spaces. Reichert demonstrated that the regeneration of 
small arteries across clean operative wounds occurs by the end of the second day, that veins 
and lymphatics become anastomosed by the end of the fourth day, and that the process is 
physiologically complete by the eighth day after operation. Davis and Traut believe that 
a graft is nourished, first, by the plasmatic circulation of Goldmann for the first twenty- 
four to forty-eight hours; second, by direct anastomosis between the vessels of the graft 
and the host; third, by the growth of capillaries of the grafted area into and along the 
degenerated vessels of the graft; and fourth, by the capillary upgrowth from the grafted 
area as it penetrates the connective tissue. 

It is obvious, therefore, that the thicker the graft, the greater is the risk of failure. 
That is the principle which demands the removal of the fat layer from the free full- 
thickness graft; because of its greater thickness, death occurs before vascularization is 
complete. 

In four or five days, organic union between the graft and the host is fairly firm. On 
the eighth day the blood supply is nearly complete. By the tenth day the two are united 
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by fibroblasts which, having invaded the clot by using the fibrin as a scaffold, connect the 
fibrous tissue of the two sites. The infiltration of fibroblasts into the graft is responsible for 
its contraction. Hand in hand with the proliferative changes — that is, the invasion of the 
graft b}' endothelial buds and fibroblasts — degenerative changes occur. The process can be 
likcnetl to creeping substitution in the repair of bone. The e.xact mechanism is unknown. 
In the case of the elastic fibers in the graft, Padgett concluded that the elastic fibers 
degenerated and reappeared, “but not in the orderly manner ivhich is characteristic of 
normal skin. Although the ultimate disorderly ai-rangement of the elastic fibers may have 
something to do with the tendency toward a glistening appearance of a skin graft, it is 
more likely that it is the replaced fibrous tissue which tends to obliterate the normal 
surface corrugations in the epithelium of the graft.” 

E.xfoliation of the most superficial la 3 mrs of the gi’aft not infrequentl}^ occurs, and 
this varies in degree in direct proportion to the speed of vascularization of the gi-aft. 

ilicroscopic sections of the graft during this stage of adaptation not infrequentl}" 
reveal collections of leukocytes at various levels. These, of course, are increasing!}^ nu- 
merous as the grafts become thicker. 

After the lapse of two or three months, the cellular infiltration disappears. The 
fibroblasts become mature compressed cells of fibrous tissue, and lose their plump, spindle- 
shaped appearance. A layer of fat of variable thickness is now found to line the deep 
sm’face ot the graft, permitting it to move freely over the underlying tissue. The thickness 
of this adipose layer varies with the thickness of the graft, being more abundant in the 
full-thickness graft than in the split-thickness variety. 

Full normal sensation usually develops in free skin grafts; it is influenced by the 
amount of deep scar tissue that is left behind, and depends upon the presence of sensory 
nerves in the area and on the thickness of the graft. The sensations of pain, temperature, 
and touch may develop as early as five weeks or as late as several months. 

Because the skin on the palm or the sole is highly specialized, with a thick epithelial 
layer and a relatively thin dermal layer, metaplasia of free grafts — and, for that matter, 
of flaps — does not take place. Therefore, gi-afts in these areas must always be protected. 

The Use of the Padgett Dermatome 

The Blair-Brown knife-and-suction-box technique in the hands of the e.xpert is ex- 
cellent. With the jMarcks attachment, its use has become more simplified; but with the 
invention of the Padgett-Hood dermatome, broader horizons have been opened up for the 
early replacement of lost skin. The means to select a graft of predetermined thickness has 
been placed in the hands of an operator. The dermatome has the following advantages: 
(1) Its mastery is comparatively simple and can be acquired by the average siugeon; (2) 
grafts of uniform thickness (four by eight inches) are obtainable; (3) it increases the 
number of available donor sites, — for example, the chest and the area over the ribs. 

With the mechanical means at hand to obtain adequate split-thickness grafts, it is a 
matter of little experience to obtain surface covering. There are, however, certain im- 
portant points to be observed in securing a graft. Every step must be meticulously 
carried out. 

The drum, the brush, and the donor site must be absolutely dry; no trace of moisture 
must be present. It is well to go over the drum and skin with ether to assure the dryness 
of these areas. 

The quality of the blade and its sharpness must be assured; it is placed in the instru- 
ment with the bevel away from the dram, and held in place by the clamp. It has been the 
author’s practice not to use the same blade more than three times without having it re- 
sharpened. Ideally, of course, the blade should be sharpened after every use. Great care 
should be taken to avoid nicking the blade against the instruments and against the dram. 
It should be sterilized by cold sterilization. 
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The drum is now set at the predeteniiincd thickness and placed on its rack, pending 
the preparation of the donor site, which will he described later. 

The operator, having assured himself that the drum, the blade, and the donor site 
arc clean and dry, is ready to apply the rubber cement. The cement is not poured until it is 
ready for use; if poured too soon, its volatile elements evaporate and the viscosity in- 
creases. The optimum viscosit}’’ of the cement is also a matter of importance. If too thick, 
ether should be added until the proper consistency is obtained. 

In applying the adhesive, the drum is held in the left hand, with the back of the blade 
and the carriage resting on the operator's wrist. The brush should have fine bristles, about 
one and one-half inch to two inches wide. The cement is applied to the drum in a thin 
layer, with sweeping strokes. There must be no back-and-forth brushing; a thick layer of 
cement will dry unevenly and may invite failure. The edge of the drum should be ade- 
quately covered with glue, as this is the edge at which the blade engages the skin. Good 
adhesion between the skin and drum at this pc>int is of utmost importance. 

After the application of the cement to the drum, and while the drum is still being held 
in the left hand, the donor site is painted with the adhesive. The same precaution of 
smooth, even application of the cement is observed. Drying can be hastened by gently 
fanning with a folded sterile towel. The length of time recpiired to dry the cement varies 
with the cement itself, its viscosity, the thickness of the application, the temperature of 
the operating room, and the humidity. Therefore, the time element cannot be estimated, 
but rather the dryness can be determined by the loss of the glistening sheen of the applied 
cement. 

The edge of the drum is placed at the top of the donor site and pressed down firmly 
for a few seconds so that the cntii'c edge of the drum is engaged by the skin. Then, by 
gently rolling the drum slowly, the blade is brought into action and, by a sawing motion, 
the desired amount of skin is obtained. This may be the size of the entire drum, or any 
portion of it. When the desired amount has been obtained, the drum is pulled at right 
angles to the skin surface and, with the blade still operating, the graft is severed from its 
attachment. 

Failure of any steps nccessaiy for the successful application and adherence of the 
cement to the drum and skin calls for immediate cessation of the procedure, which must 
be started again from the beginning. This means that every vestige of cement must be 
removed from the drum and the skin. Should blood or moisture be present on the drum 
or the donor site, it is scrupulously removed and the area is dried by sponging with ether. 

The graft is now removed from the drum by grasping the edge Avith mosquito hemo- 
stats placed on the four corners of the graft. The small areas grasped and crushed by the 
hemostats are cut aAvay before the graft is sewed into place. If the same precautions are 
used that one would exercise in the handling of adhesive tape, the graft will not become 
stuck to itself. 

The graft is not placed in saline before use, but is merely placed in the folds of a 
damp toAvel, or the cut surface is folded on itself. If the graft were allowed to soak in a 
basin of saline, the serum in the endothelial spaces Avould be Avashed out, small amounts 
of natural adhesive agents present Avould be removed, and the take of the graft might be 
jeopardized. 

It may appear from this discussion that the technique of obtaining the split-thickness 
graft by means of a Padgett dermatome is difficult. This is not so. With a reasonable degree 
of attention to the details involved and AAuth aAmrage skill, the graft is obtained easily. 


THE USE OF THE SPLIT-THICILNESS GRAFT 

Three types of Avounds must be recognized for the successful use of a split-thickness 
graft; (1) the Avound accidentally incurred Avithin a period of a feAV hours; (2) the Avound 
created surgically following the excision of a scar; and (3) the granulating wound. 
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The granulating wound may be the result of a burn, an infection, or an a^mlsion of 
skin. The management of each of these three types must be different to assure the greatest 
number of successes. 

1. T/ie Treatment of the Early Traumatic Wound 

The accidentally incurred wound, if seen within six hours, can be treated in the same 
manner as the surgically excised scar. It is true that the wound is contaminated, but 
infection is not present. Organisms exist in small numbers, but they have had little op- 
portunity to multiply or to penetrate deeply into the tissue. They can be removed by 
mechanical cleansing and by debridement. If important structures — such as bones, major 
blood vessels, nerves, or tendons — are exposed in the wound, it is well to undermine the 
edges widely to afi’ord primary coverage for them. If insufficient skin is present to allow 
for such closure, a relaxing incision — well removed from the skin edges and over unim- 
portant structures — is made and the skin is slid over. The defect produced by the relaxing 
incision is then treated by the insertion of a split-thickness gi'aft. If the defect is of such 
great size that these methods are not applicable, a broad-based flap can be raised and 
sutmed into place immediately, or a pocket graft may have to be considered. These pro- 
cedures are beyond the scope of this paper. However, if the wound is more than six hom-s 
old, it must be considered as infected and treated by the methods described later. 

It should be emphasized that a very early accidental wound or a wound due to the 
excision of a cicatrix can be treated as a clean wound, but the gi-anulating wound must 
always be treated as an infected one. The principles of treatment differ radically one 
from the other. 

2. The Treatment of the Aseptic Wound 

By an aseptic wound is meant one that has been created by the excision of a cicatrix. 

The donor and recipient sites are prepared twenty-four hours in advance of the 
operation by shaving, washing with Castile soap and water, followed by washing with 
ether and alcohol, and wrapping in sterile towels. 

The patient is brought to the operating theater, where the final preparation of both 
sites is undertaken. After scrubbing the hands in the prescribed manner for ten minutes, 
the surgeon or his assistant dons a pair of rubber gloves and proceeds with the preparation 
of the skin. This is done by washing the areas eight or ten minutes, using soap, water, and 
gauze. The soap is removed by pom-ing copious amounts of water over the area. Germi- 
cidal solutions are not used, since the author believes that they have no advantage over 
the soap and water, and are even 
harmful to the graft. The sur- 
geon now discards his gloves and, 
after using the operating-room 
solutions again, puts on his oper- 
ating gown and new gloves. The 
donor area is draped in the usual 
manner, and in such a fashion 
that ample freedom for the oper- 
ation of the dermatome is avail- 
able. 

A solution of 0.5 per cent, 
procaine, containing six to eight 
drops of adrenalin to the ounce, 
is used to infiltrate the scar bed. 

The procaine is not used for its 
anaesthetic value, but merely as 



Contracture of Uie popliteal space after a burn; shows the 
aseptic wound. Xote (1) complete excision to normal un- 
scarred tissue; (2) complete hemostasis; and (3) staggered 
line of excision. 
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Fig, 5 

ShoMS \oluminous dreeing of fluffed, washed gauze sponges. Dressing surrounds entire limb; over 
these fluffed sponges are laid large laparotomy pads. 



Fig. 6 

Shows final dressing, wath bias-cut stockinette bandage, extending from ankle to above grafted 
area. 


a vehicle to convey the adrenalin. The adrenalin assures a dry bed until the graft has been 
sewed into place and the compression dressing has been applied. 

If the area will permit, a tourniquet is used and the adrenalin solution may then be 
dispensed with. The pneumatic tourniquet is preferred, particularly in the upper ex- 
tremities. This tourniquet or a blood pressure cuff is inflated to 260 millimeters of mer- 
cury. Because skin-grafting is a long procedure, it is advisable to release the constrictor 
for a few minutes after the lapse of forty-five minutes. 

Excision of the scarred area is now undertaken. This must be complete, and the under- 
lying normal tissue must be exposed. The area to be excised is outlined with gentian rdolet, 
5 per cent, brilliant green in alcohol, or Bonney’s blue solution. The suture line, which con- 
tracts in its long axis, is staggered by the making of gores in the excising incision. In this 
way is prevented the formation of bands, which frequently give rise to imperfect results. 

Perfect hemostasis is absolutely essential for success. This is obtained, first, by the 
adrenalin solution or the tourniquet. A blood vessel that requires tying should be ligated 
with the finest silk obtainable, and the knot cut short. Small vessels often can be treated 
by crushing and torsion. The use of the coagulation current is not favored, as it leaves a 
small mass of necrotic tissue, which may vitiate the result of the graft. The use of an 
absorbable suture is condemned; it gives rise to an inflammatory exudate for its absorp- 
tion, and therefore is prejudicial to the success of the graft. Hot saline sponges applied 
locally are useful to control the oozing from capillaries. ^lany surgeons are thoughtless 
in the use of hot saline sponges ; a sponge which is too hot for the surgeon’s gloved hand is 
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obviously damaging to the tissue. The temperature of liot sponges should not exceed 120 
or 130 degrees Fahrenheit. 

Brown and McDowell’^ state that sulfanilamide may be dusted sparingly over the 
bed. The author agrees with their observation that an excess amount of the powder inter- 
feres with the graft, and pj’cfors lo roly upon the siu'gical principles of moisture and 
adequate drainage. 

The graft is now sewed into place. Tt should bo so planned that the maximum area 
is covered without piecing. If the area is so large that it rcriuircs more than one drum of 
skin, the sections may be pieced before being sutured to the defect, as was recommended 
by MePheeters and Nelson, — the so-called “blanket graft”. The graft is handled with 
great gentleness, with skin or dural hooks; the use of tissue forceps is not permissible. 
The graft is sewed into place w’ith interrupted sutures of Size 6-0 silk. The advantages 
are twofold; First, better cosmetic results arc obtained; and second, the silk is so fine that 
it will not wuthstand a great deal of tension and ^Yill tear long before the tissue is strangu- 
lated by too tight a suture. Such a fine suture material may try the patience of the novice, 
but it pays handsome dividends to those who learn to use it successfully. As stated pre- 
viously, the normal skin tension of the graft is important to the success of the operation. 
After anchoring the graft at one point, the edge is picked up with a dural hook and is 
stretched to the point where its elasticity almost disappears. At that point it is fixed to 
the incised edge of the recipient area. 

Small incisions are made into the graft wuth a No. 11 Bard-Parkcr blade, to allow for 
the egress of any collections of blood or scrum. “Stay” sutures arc now placed around 
the periphery of the wmund in the recipient area; these arc left long (Fig. 2). One or two 
thicknesses of 3 per cent, xeroform gauze, on fine 44 by 40 mesh, are laid smoothlv, with- 
out wu’inkles, over the graft, wuth slight overlapping of the sutured edge (Fig. 3) . Over 
this are placed ten or twmlve layers of ordinary gauze, wdnch are tied snuglv into place by 
means of the stay sutures (Fig. 4) . Tying the dressing into the wmund prevents shifting 
of the dressing and tenting, and helps to applv firm pressure so that scrum cannot collect 
beneath the graft. The author agrees with Brown and iMcDowelH that vaseline gauze 
tends to cause maceration of the tissue; wdiereas anv powder added to it, such as sulfa- 
nilamide, xeroform, scarlet red, or boracic acid, prevents maceration. After the dressing 
has been tied into place, voluminous fluffed gauze, mechanics’ waste, or sea sponges are 
placed around the circumference of the limb, and all are held in place bv a stockinette 
bias-cut bandage (Figs. 5 and 6) . The voluminous dressing frequently affords adequate 
immobilization; if not, it may be supplemented wdth immobilizing apparatus. 

Important as are the cutting of the graft, the preparation of the recipient area, the 
absence of infection, and complete hemostasis to a successful take, the application of the 
dressing is of no less importance. The preparation of the recipient area, the cutting of 
the graft, or the sewing of the graft into place may be delegated to the assistant, but it is 
a surgeon’s responsibility to apply the dressing. 

The recent literature has many references to new methods of application of split- 
thickness grafts. It might be well to examine these methods in the light of surgical 
principles. 

In 1943, Sano introduced the coagulum contact method of affixing the graft to the 
recipient bed. This followed the observation that growth of tissue culture was obtained 
uniformly and successfully when cells were supplied with a suitable surface for growth 
through the use of coagulated plasma, and wdien adequate nutrition — ^through the medium 
of embryonic tissue extract in a buffered salt solution (Tvrode’s solution! — ^was present. 
The most satisfactory results were obtained by the use of homologous plasma and tissue 
extract. 

Later that year Sano, Holland, and Babcock described the method of making the two 
solutions for coagulum contacts. One milligram of heparin was added to five cubic centi- 
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meters of blood and centrifuged. The blood separated into three layers: the supernatant 
plasma, a layer of leukocytic film (the so-called “btift'y coat”), and the red corpuscular 
layer. The plasma is poured oft' and is called Solution A. The buft'y coat is removed with 
a platinum loop, and placed in a sterile test tube containing three cubic centimeters of 
Tyrode’s solution; and a cellular extract (Solution B) is made by shaking the solution 
vigorously with sterile glass beads. The recipient area is flooded with Solution A and the 
graft is painted with Solution B; when the two surfaces are brought together, coagulum 
fixation occurs. It has been advocated for the Reverdin, Davis, and Thiersch tt'pes of 
grafts, for split-thickness dermatome grafts and full-thickness grafts, on granulating or 
fresh wounds. The proponents claim its superiority chiefly on the basis that the adhesion 
is so perfect that suture and pressure dressings are unnecessaiy. 

Cohn and his assoeiates, having isolated the thrombin and the fibrinogen fractions of 
plasma, have simplified the method considerably. The thrombin in acpieous solution is 
sprayed with an atomizer and is applied to the graft. The fibrinogen is applied to the 
recipient surfaces. 

The writer has had insufficient experience with the procedure and therefore reports 
the results of other observers. T’oung reports as follows: In twenty-six cases of split- 
thickness gi-afting. there was 100 per cent, take in twelve cases of priraarj' gi-afts. In four 
cases of fresh traumatic contaminated wounds, there were 48 per cent, takes. In ten 
granulating wounds, a 59 per cent, average take was estimated; in two of these cases the 
gi-aft was totally lost. T'oung concludes that ‘•'it is our definite impression that the loss of 
gi-afts is considerably gi-eater on infected wounds when applied by this method than when 
compression dressings are used. This applies to contaminated fresh wounds as welt as to 
gi-anulating beds. It is probable that infection is sealed under the gi’aft, drainage is poor 
and the result is a purulent collection under the gi-aft which prevents vascularization.” 

Jenney states that he, J. Eastman Sheehan, and Lawrence Gatewood found that pres- 
sure dressings and immobilization are essential for best results with the Sano technique. 
This ensures perfect apposition of the gi'aft to the recipient area and prevents air pockets, 
oozing, and blood accumulations. 

It would thus appear that the coagulum contact method does not fufilll the surgical 
principles of maintenance of normal tissue tension and finn. equalized pressure; and it 
ignores the concept that all granulating wounds must be considered infected, and therefore 
must be treated by moist dressings. Davis and Traut, in 1925, and Davis in 1927, em- 
phasized the need for maintenance of normal tissue tension and stated: “We also found 
that the contraction of the elastic fibers in the skin occluded the vessels, and for that 
reason when securing the graft in position, we apply tension eciual to that of the normal 
skin to overcome this tendency”. 

If one ignores the absence of tissue tension — and it is a factor that cannot be lightly 
disposed of — it is obvious that in the freshly created surgical wound the graft may take 
well; but in the presence of potentially infected wounds — that is. granulating surfaces 
and contaminated traumatic wounds — ^proteolytic enzymes are liberated from degenerat- 
ing white cells, and digestion of the fibrin takes place. 

Koch states that “only in unusual instances are we willing to lay a flap, with an 
assured blood supply through its pedicle, over a granulating surface, so concerned are we 
over the destructive effect of even a few bacteria on the vulnerable subcutaneous tissue 
which forms the undersurface of the flap”. 

The author, therefore, is compelled to conclude that the Sano techniciue has a verj- 
limited application and does not fulfill the basic requirements of sound surgical principle 
in so far as split-thickness grafts in unclean wounds are concerned. If the technique is 
extended to include such factors as the maintenance of normal tissue tension and firm, 
equalized pressure, and the application of moist dressings in the potentially infected 
wound, it offers very little advantage over the conventional method of graft suture. 
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A great deal has been written about tlie desirability of cutting a graft according to 
the exact pattern of the defect. To the writer, this objective is unsound and worthless. 
The donor site in a split-thickness graft has present all the elements necessary for re- 
generation. A donor site, from Avhich a graft has been removed, heals as well and as 
rapidly if ten square inches or the maximum of thirty-two square inches have been re- 
moved, provided adequate after-care is given. Tn removing skin for a graft, it is avcII to 
take somewhat more than is required, but to cut exact patterns is wasteful of time and 
effort and serves no useful purpose. 

Other writers have advocated the cementing of nylon, plioform fdm, cellophane, 
bobinetle, or other material to the drum, and then taking the graft in the usual manner 
by painting this material and the skin. This is so that normal ll.-^sue tension may be 
maintained by the transfer of the skin and the material which is adherent to it. Another 
alleged advantage is that it saves lime and does not require suturing to the bed. In the 
author’s opinion, these additions to technique are not only unnecessary, if one adheres to 
the sound surgical principles of the management of split-thicknc.ss grafts, but arc not 
time-saving, because the "time necessary for the application of the material to the drum 
could well be used for suturing the graft into place. 

3. The Treatment of the Granulating Wound 

The optimum time for transplantation of skin to a granulating bed is of first con- 
sideration. A great deal has been Avritton about the bacterial content of the granulating 
Avounds. Lange has described the intraA’-enous use of ten cubic centimeters of 5 per cent, 
fluorescein buffered Avith 5 per cent, sodium bicarbonate; the area is then inspected in the 
dark room under the influence of a mercury A\apor lamp, screened to emit 3,600 Angstrom 
units. An adequate blood supply to the part is determined by the appearance of an intense 
golden-green color in from fifteen to tAventy seconds; an inadequate blood supply is 
evidenced by a dark purple or slightly bluish-green color. Sheehan has advocated the 
determination of the oxygen and sulfur content of the skin as an index for grafting. These 
studies are of academic interest only, and can be dispensed with. The most useful crit- 
erion is the appearance of the ulcer itself. It should be free from grayish slough or gross 
pus; the exudate should be thin and scanty; the granulations should be firm, pink or red, 
should present a cobblestone appearance, and should be flush Avith the skin surface. They 
should not be pale, anaemic, exuberant, or oedematous. Healthy granulation tissue bleeds 
easily on irritation and is relatively painless. Epithelial ingrowth from the edge, which 
presents a beveled appearance, is obseiwed in the healthy ulcer. There should be no sur- 
rounding redness, inflammation, or cellulitis, or heaping up of epithelial debris. 

To assure an adequate granulating surface for a successful split-thickness graft, one 
must be guided by general constitutional and local factors. 

General Constitutional Factors: Grafts do not take well in patients with chronic 
debility, or in the presence of anaemia, hypoproteinaemia, dehydration, aAotaminosis, 
oedema, or disturbance of the electrolytic balance. Furuncles, cither local or remote, are 
inimical to grafts. In children, grafts take better than in the aged, but the difference is 
not marked. When the hemoglobin is reduced to below 65 per cent., the percentage of 
take decreases from one-third to one-half. It is obAuous that general treatment must be 
directed toAvard the correction of such abnormalities. 

Local Factors: 

Gramdation tissue is infected tissue and, in preparing such an area for the application 
of the graft, we must rely upon sound surgical principles of cleanliness, rest, elevation, 
free drainage, and moist dressings which afford moderate compression. Ointments and 
dry gauze are contrary to sound surgical judgment. They favor retention of secretions 
and prcAmut adequate drainage. The author believes that local application of the sul- 
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fonamidcs, gramicidin, or penicillin is not necessary, but may be used as an adjunct. Local 
trauma to the granulation tissue must be sedulously avoided. Fine mesh gauze (44 by 40) 
is laid over the raw surface. This prevents the granulations from growing into the inter- 
stices of the gauze and being pulled off with each change of the dressing. The solution used 
for moist dressings is in itself of little moment. It can be normal salt solution, boracic acid, 
or magnesium sulfate. The principal consideration is not the specific property of the solu- 
tion, but the moisture supplied, which promotes the flow of lymph and provides drainage. 

Pyocyaneus infection is particularly hazardous to the successful take of a gi-aft. 
Although Blair and Brown recommend the frequent painting of the area with gentian 
violet or methylene blue, the use of proprietary mercurials, and copious use of soap and 
water, and although they look with disfavor upon the use of hydrogen peroxide and acetic 
acid, it has been the author’s experience that the use of acetic acid in strengths of from 
0.5 to 2 per cent., before and after operation, has met with uniform success. 

Objections may be raised that continuous moist compresses result in maceration of 
the tissues. It has been the author’s experience that, when moist dressings are used in 
conjunction with a voluminous dressing, moderate pressure, and elevation, maceration 
does not occur, because the circulation is well supported and the compression dressing 
prevents water-logging of the tissues. It is also noteworthy that pale, flabby, oedematous 
granulation tissue under the influence of elevation, moisture, and pressure rapidly becomes 
firm, pink, and healthy in appearance. 

The Management of the Split-Thickness Graft in Granulating Wounds: 

It is advantageous to have a competent assistant in planning extensive skin-grafting. 
If the recipient area is a granulating wound and hence must be considered infected and 
unclean, the operator, if he works alone, works from the clean field to the unclean. He 
takes his graft first and then prepares the recipient bed. With a competent assistant, 
however, the taking of the gi-aft and the preparation of the recipient area can be done 
simultaneously by the operator and his assistant, working independently in the different 
areas. In this way the operating time can be shortened measurably. 

Assuming that the granulating surface has fulfilled all the conditions necessaiy be- 
fore skin transplantation is undertaken, the epithelial edge is circumcised by sharp dissec- 
tion. This is important because, without the removal of this tissue, there is an irregular, 
unsightly area of union between the graft and the host. 

The question may be raised as to the management of the granulating wound at the 
operating table. Authorities differ as to whether one should remove the base or leave it in 
place. It has been the author’s practice to leave the granulation tissue, if it is of recent 
origin and short duration. If the ulcer is old and calloused, it is advisable to remove the 
gi’anulation tissue by sharp dissection — ^never by scraping — ^to the smooth yellow base, 
which has a satisfactory blood supply. At times it is possible to excise the ulcer in toto, 
and place the graft on the normal underlying tissue. In old cases with contracture, one 
may crosshatch the base and correct the contracture before the application of the graft. 

The graft can now be sewed into place. Attention should be paid to hemostasis, 
gentleness of handling, sewing the graft into place under normal tissue tension, placing of 
basting sutures if there is any tendency to tenting, and “pie-crusting” the gi’aft with 
multiple small incisions. 

Up to this point, the techniques of surfacing the aseptic, fresh traumatic wound and 
the granulating wound parallel one another rather closely; but from this point on the 
techniques diverge. In the aseptic or recent traumatic wound the dressings may be drj', 
but in the granulating wound — because it is potentially infected — the dressings must be 
wet. This is a fundamental concept, with which there can be no compromise if uniformly 
successful results are to be expected. 

Stay sutures of medium silk are placed one-half inch from the graft, around the 
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periphery. Usually two or three are required on each side, external to the recipient area. 
The graft and the surrounding tissue are sponged off with hydrogen peroxide. The purpose 
of this is to enable the operator, on subsequent visits to the patient, to detect, by the odor 
of the dressing, the presence of suppuration or pyocyaneus infection without the mingled 
odor of dry or stale blood. Bandage gauze of the finest quality, 44 by 40 me.sh, eight to 
ten laj'-ers thick, is now cut to pattern so as to overlap the margin of the graft. This is 
wrung out in normal salt solution and laid smoothly, without wrinkles, upon the graft. 
This may appear to be an unimportant step; yet, at the point at which wrinkles occur, 
failure of the graft to take may result. IMoistcncd gauze dressings, laid smoothly, are 
placed over the bandage gauze, and the whole is tied into place with the stay sutures. As 
pointed out preA’iously, this is of material help in exerting firm, even pressure over the 
graft, and prevents the dressings from sliding and becoming misplaced. Two or three 
No. 18 French catheters, with additional holes cut into their distal ends, arc now placed 
over the dressing in a radial fashion. Over this and surrounding the entire limb arc placed 
moistened mechanics’ waste, fluffed, washed gauze sponges, or sea sponges, and the whole 
is covered with a large laparotomy pad. Tt is important that voluminous resilient dressings 
surround the entire limb, and are not placed merely over the grafted area, in order to exert 
uniform pressure over the whole limb. Holding all these dressings in place is a stockinette 
bandage, which is cut on the bias, six to eight inches wide, from tubular stockinette. The 
advantage of this over the conventional clastic or crepe bandage is that it can be cut in 
far greater length than the usual five and one-half yards. This bias bandage is applied 
snugly from the most distal part of the limb to well beyond the grafted area. In this man- 
ner, it exerts even pressure over the grafted area and supports the circulation above and 
below' the graft. One need have very little concern about the tension of this bandage if a 
truly voluminous dressing has been applied, for the writer has never seen embarrassment 
of the distal circulation. 

The question of immobilization is the next concern. If the dressing has been volumi- 
nous, very little additional immobilization is necessary. If in the opinion of a surgeon, 
however, immobility is incomplete, bassw'ood, a pillow', or a Thomas s])lint may be used 
to advantage. A plaster-of-Paris cast is definitclv contra-indicated, as it softens from 
contact w'ith the moist dressing and interferes w'ith the evaporation of the surface moisture. 
In addition, it is heavy and cumbersome. 

The after-care of the grafted area is of utmost importance to the success or failure of 
the operation. Without interruption, the dressings must be moistened by means of the 
catheters every four hours, day and night, w'ith boric-acid solution or normal salt solution. 
This is important, because it makes up for the loss of moisture from surface cA'aporation. 
If the area was the seat of pyocyaneus infection, it has been the author’s custom to omit 
one or tw'o injections of boric-acid solution or normal salt solution and to use instead a 
solution of acetic acid in strengths of from 0.5 to 2 per cent. This has been very effective 
in controlling the pyocyaneus. 

The purpose of using moist dressings in granulating Avounds is that the moist solution, 
in contact with the grafted area, promotes the flow' of lymph to the bed, and so offers 
nourishment to the graft. It prevents the formation of crusts, which Avould block drainage. 
Evaporation of moisture from the surface of the dressing causes good drainage, because, 
as fluid is delivered to the bottom layers of the dressing, by capillary action the fluid rises 
to the surface. Evaporation on the surface augments the effectiveness of the drainage. 
Alaceration of the tissue does not occur. 

Important as it is to supply a sufficient amount of solution to the dressing — and this, 
of course, varies w'ith its size — it is just as important not to supply too much. The dressing 
must not be so wet as to lie in a pool of solution. Neglect of this precaution is most 
dangerous to the graft, for the dressing lying in a pool of liquid acts as a wick, and 
unsterile solution is brought to the grafted area by the same process of capillary action. 
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When the correct amount of fluid is being supplied, the outer surface of the dressing 
should feel only slightly damp. 

Dressing of the Donor Site: 

The skin of the donor site regenerates by virtue of the fact that the epithelial elements 
of the skin — that is, the sweat glands and hair follicles — are left behind. 

In order to avoid pain and discomfort, and to ensure proper healing of this area, 
extreme care must be taken in the dressing. Although numerous methods have been ad- 
vocated, such as tanning with escharotics, or the application of silver foil, it has been the 
author’s experience that the most suitable dressing is the one in which firm pressure is 
secured against motion. 

After the graft has been obtained, the donor site is temporarily covered with a towel, 
i\Tung out in normal salt solution. The towel is in intimate contact with the donor site, 
and is undisturbed until all procedures in the recipient area are completed and the dressing 
has been done. After this, strips of 3 per cent, xeroform gauze are laid smoothly upon a 
large abdominal pad. While the assistant removes the towel over the donor site with 
alacrity, the surgeon without loss of time places the xeroform-covered abdominal pad 
over the site. Firm pressure by the assistant is maintained until additional soft pads are 
placed about the circumference of the limb, and the whole is bandaged snugly with a 
bias-cut stockinette bandage. 

This may appear to be a surgeon’s fetish, but sound principles are involved. The 
moist towel over the donor site arrests the punctate bleeding from this area. Its removal, 
because of its adherence, causes fresh bleeding which, if allowed to be present under the 
dressing, acts as a nidus for infection. It is. therefore, advisable to effect the transfer of 
a xeroform-covered pad for the moist towel with a minimum loss of time, and to maintain 
even pressure throughout the healing period with the bias-cut bandage. 

If the patient is afebrile and daily inspection of the dressing reveals no suppuration, 
the dressing is left undisturbed for fourteen days; at this time it is removed, and the area 
will be found to be completely epithelialized. The dressing is always firmly adherent to 
the epithelialized donor site. Care should be exercised in removing the dressing not to 
strip off the delicate epithelium. Soaking with peroxide or normal salt solution is un- 
necessary, but gentleness is imperative. The use of a hemostat, to depress the skin gently 
as the dressing is removed, is of inestimable assistance. No further dressing is necessary. 
A protective emollient, such as 2 per cent, boric ointment, is sufficient to keep the skin soft. 

At the end of two weeks the donor site is of a bluish color. This pales out in several 
months and leaves an area slightly lighter in color than the surrounding normal skin. 

Postoperative Care: 

Routine postoperative surgical care is supplemented with special attention to the 
graft. The limb is elevated; a Thomas splint or a pillow splint is very useful for this 
purpose. Dependency of the part is prohibited; under no circumstances is the use of 
crutches permitted, in the case of the lower extremity, until healing has been completed. 
Dependency may produce stasis in spite of the pressure dressing, and this is detrimental 
to the graft. 

Two things are relied upon to determine the state of the grafted area without its 
actual exposure. These are the surgeon’s sense of smell and the patient’s temperature. 
The surgeon should sniff of the dressings at each xfisit, not casually or disdainfullv. but 
bv lifting a few turns of the stockinette bandage with his fingers and bringing his nose 
into close proximity to the dressing. This is done at several points, particularly around 
the edge. 

The other indicator of the status of the graft is the patient’s temperature. A slight 
elevation of temperature for from twenty-four to forty-eight hours is ex-pected. Thereafter 
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the patient should be afebrile. The odor of suppuration or of pyocyaneus infection, or a 
persistent elevation of temperature should call for immediate inspection of the graft. 

The donor site should not be overlooked. It, too, must bo inspected daily and sniffed, 
because occasionally that area may be the seat of trouble. This is particularly true if 
the patient complains of a great deal of pain. It is not uncommon, however, to have pa- 
tients complain of slight discomfort from the close adherence of the dressing to the donor 
area. Should infection occur in this region, the compression dressing is removed; and 
warm, moist dressings, such as would l)e used for any infection, are substituted. 

There appears to be considerable confusion about the time of changing the initial 
dressing. Dogmatically, from ten to fourteen days has been set as the most propitious 
time for changing the dressing. Nothing could bo more erroneous. There is no adequate 
reason why the graft should not be inspected at an earlier date. In fact, there are definite 
advantages to inspecting the graft much earlier. If a small clot, or a collection of serum 
or blood is present, that area may be saved by timely incision for evacuation of such fluid. 
Sometimes a suture may have boon placed too tightly and may be causing strangulation 
of the tissues, and its early removal may prevent loss of that part. Occasionally mild 
infection may bo present. Severe infection is beyond the hope of rescue; but, in the case 
of mild infection, an incision for the establishment of drainage and the immediate institu- 
tion of moist compression dressings may save a large part of the graft. At times, small 
areas of dry gangrene of the graft are prc.sent. These can be recognized Iw their circum- 
scribed, dry, brownish character; and, if small, they arc of no great moment. The area is 
lost; but, as it is seldom larger than a fivc-cent piece, it becomes opithelializcd from the 
remainder of the graft and there is no great dilTercnce in the end results. Should an area 
be definitely beyond the hope of saving, there should be no hesitation in e.xcising it. The 
procedure is painless and can be performed at the bedside. 

If the wound was an early traumatic or an aseptic surgical wound, the graft is in- 
spected on the sixth or seventh day. If it was a granulating wound, the graft is inspected 
on the third or fourth day. If the patient is febrile, the graft is inspected at an earlier date. 

Upon inspection of the graft in the first week, it may present a mottled appearance. 
Some areas, or the entire graft, may appear cyanotic. This is not to be interpreted as 
death of the graft, but rather as incomplete vascularization and diffusion of blood pig- 
ments. In such cases, it is well to continue with moist dressings until all such discoloration 
disappears. 

Should the graft be dry, pink, and adherent to the base, one may apply a layer of 
gauze (44 by 40 mesh) , without wrinkles, impregnated with 3 per cent, xeroform. Over 
this is placed a voluminous dry pressure dressing. This dressing is changed every three 
or four days for about three weeks. At the end of this period all dressings are discontinued, 
and 2 per cent, boric ointment is applied to keep the graft and the surrounding skin soft. 

If there is any question about the status of the graft during the immediate post- 
operative period, one should at once revert to wet, voluminous pressure dressings. 

Sutures are usually removed in two stages: Alternate sutures, or sutures that appear 
to be causing embarrassment to the circulation of the graft, are removed at the first 
dressing; the remainder at the end of ten days. At the first dressing of the graft, it is 
advantageous to cut the stay sutures in such a manner that they may be used again to 
tie the new dressing into place. 


CONCLUSIONS 

1. The split-thickness graft offers a wide range of usefulness, and, with average skill 
and a reasonable amount of diligence to the details involved, it is easily obtained by the 
average surgeon with the Padgett-Hood dermatome. 

2. Three types of wounds requiring split-thickness grafts must be recognized: the 
early traumatic wounds, the aseptic wounds caused by the excision of a scar, and the 

THE JOURNAL OF BONE AND JOINT SURGERY 



SPUT-THICKNESS-SKIX GR.VFTING 


715 


gvaiiulixtiug wounds. Each requires different management. Early traumatic and aseptic 
wounds may be considered clean and dressed dry; the granulating wound or the late 
traumatic wound must be considered infected and unclean, and must be dressed with 
moist pressure dressings. 

3. Newer methods in the handling of the split-thickness grafts must be measured by 
the yardstick of sound surgical principles. With these principles there can be no com- 
promise. 

4. Skin-grafting to resurface lost integument for the correction of contractures, and 
to supply adequate coverage for weight-bearing surfaces and areas exposed to trauma, 
may come in the field of the orthopaedic surgeon. The procedure reciuires infinite atten- 
tion to multitudinous details in preparing the recipient area ; the obtaining of the gi-aft of 
a desirable thickness; perfect hemostasis; the maintenance of normal tissue tension; the 
prevention of tenting; the close application of a voluminous pressure dressing; and the 
utmost gentleness. 
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NEURECTO^IY TO PRODUCE ATROPHY OF THE AAIPUTATION STUMP* 


BY ALFUKD 0. ADAMS, M.D., Sl’OKAN'K, WASHINGTON 

Following amputation below the knee, the most satisfactory stump is one which is 
conical in shape and the maximum accepted length of seven to nine inches, as measured 
from the lower border of the patella. 

The most satisfactory amputation stump observed by the author was on a young man 
who had extensive involvement of the muscles below the knee, due to infantile paralysis, 
but who had good power in the muscles of the thigh. In an effort to reproduce this type of 
stump, in four cases the author has divided the muscular branches of the tibial nerve to 
the two heads of the gastrocnemius, and in one case has also divided the nerve branch 
to the soleus, with very satisfactory results. 

OPERATIVE TECHNIQUE 

A longitudinal incision, two and one-half inches in length, is made in the lower part 
of the popliteal space, extending down the leg. Upon incising the deep fascia, the operator 
will observe the medial sural cutaneous nerve; this structure should not be damaged. This 
nerve may be used as a guide, to follow down into the popliteal space to the tibial nerve. 
The muscular branches of the tibial nerve to the two heads of the gastrocnemius are 
identified and completely sectioned. The branch to the soleus leaves the tibial nerve at a 
lower level, but is wdthin the operative field, and may be seetioned. 

Very little bleeding is encountered, but, before closure, all points of bleeding should 
be controlled to assure a dry field. The fascia and skin should be closed earefully to obtain 
a minimum amount of scar. The location of this incision is such that the scar has not been 
objectionable. 


POSTOPER.ATIVE CARE 

After operation, the knee is immobilized, either by traction or by a well-fitting 
posterior plaster splint, to facilitate healing of the wound in the popliteal space. After 
the amputation wound is well healed, the stump is bandaged with an elastic adhesive 
bandage. This support is maintained by’- changing the bandage every two to four weeks, 
until an artificial limb can be worn. 


COMMENTS 

The operation recommended can be carried out at the time of the amputation, after 
the tourniquet has been removed, by turning the patient onto his abdomen; or it may be 
carried out as a separate procedure, either before or after the amputation. The sural nerve 
and the tibial nerve should not be cut or damaged at this level, because of the danger of 
development of a painful neuroma. 

This operation is of particular advantage in large-muscled adults, and, on the basis 
of limited experience, it would seem that the cases treated in this manner show a more 
rapid and complete atrophy of the amputation stump than others. 

By producing a conical-shaped stump, this operation permits the surgeon to leave a 
stump of maximum length. 

CASE REPORTS 

Case 1. J. K. (No. 10,114), a -white male, aged forty-two, was first seen on April 24, 1941, with a 
swollen below-the-knee amputation stump which had not healed. On February 26, 1941, this patient had 

* Presented at the Annual Meeting of The American Academy of Oi’thopaedic Surgeons, Chicago, 
Illinois, January 23, 1946. 
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Case 1. Januarj'' 15, 1946. 



Fig. 1-B Fig. 1-C 



sustained an injurj’ to the riglit foot, wliich refiuired immediate amputation. The wound had closed, but 
later spread open. 

Ph 3 -sical examination disclosed a large man whose right leg had been amputated at a point eight and 
one-half inches below the knee. There was considerable swelling of the stump, and on the end there was 
a large granulating area, three and one-haif by two and one-half inches in size. 

The condition of the tissues was such that the stump was not suitable for re-amputation. On June 
16, 1941, therefore, througli an incision in the popliteal space, the muscular branches of the tibial ner\'e 
to the two heads of the gastrocnemius were sectioned. The granulating area on the stump was then 
covered with split-thickness skin grafts. These grafts closed the area, and the patient was discharged 
from the hospital on Julj' 6, 1941, wearing an elastic bandage on the stump. On September IS an arti- 
ficial limb was applied, and the patient returned to work on Januaiy 1, 1942. 

Because of a painful, thick scar over the end of the stump, the leg was re-amputated on Xovember 
25, 1942 ; this shortened the tibia about one inch. A new artificial limb was provided three months later. 


TABLE I 

Me^SCREMENTS in C.4SE 1* 



Apr. 24, 1941 

June 13, 1941 

Sept. 11, 1941 

Mar. 8, 1943 

Jan. 15, 1946 


Right 

Left } 

Right 

Left 

Right 

Left j 

Right 

1 

■ Left 

Right 

Left 

Length of tibia 
{inches) 

Circumference of leg 

Si 

1 



Si 

1 

14 

71 


1 


{inches ) ; 

-A^t knee 

Lower border of 
patella 

2 inches below 

1 

13 

1 

12i 

13i 

134 

13 

, 1 

13 

1 

1 

^ 134 

1 

i 

13) 

1 

1 13) 

1 

134 

patella 

4 inches below 



13) 

13) 



j 11 

13i 

“ 11) 

1 19 - 

t 

patella 

5 inches below 
patella 

6 inches below 

13) 

13) 

12) 

13) 

11 

1 13) 

i I 

, m ' 
1 1 

13i 

1 

1 m 

1 

i 1 

1 

131 

patella 



Hi 

12) 



1 104 

12 

10) ! 

13) 

S inches below 
patella 

13) 

10 



91 

10 

1 

i 

1 


1 j 

1 j 



♦Operative procedures carried out on the following dates; 
Guillotine amputation of right leg: Februarj^ 26, 1941. 
hieurectomy and skin graft; June 16, 1941. 
Re-amputation; November 25, 1942. 
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Fig 2-A 

Case 2. December 22, 1915 


Fi(. 2-B 


TABLE II 

Mi;vsuui:mi:\ts> ix C\si; 2 




Dec.31, 1912 

Jan 23, 1913 

iMai 11,1913 

Sept 

5, 1911 

Dec 22, 1915 


Right 

Left 

Right 

Left 

Right 

Left 

Riglit 

Left 

Rigid 

Left 

Length of tibia 











(inches) 

9 




9 


9 


9} 


Ciicumfeience of leg 











(inches) . 









i 


Lower border of 

j 


1 








patella 

13} 

13} 







121 

13} 

2 inches below 











patella 

12} 

121 



13 


111 


111 

13} 

4 inches below 











patella 

131 

121 

121 

131 


14 

91 


101 

141 

6 inches below 











patella 









91 

131. 

S inches below 











patella 

111 

10} 



10 


9} 


8 

11} 


Amputation of light leg Noiembei 30, 1942 
Neuiectomy: Januaiy 4, 1943. 

Application of aitificial limb Apiil 4, 1943 



Fig. 3-A Fig. 3-B Fig. 3-C 

Case 3. Januaiy 7, 1946. 
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TABLE III 


iNlEASUnEMENTS IN Case 3 



Mar. 2 

j, 1943 

June 9, 1943 

Jan. 7, 1946 


Right 

Left 

Right 

Left 

Right 

Left 

Length of tibia {inches) 
Circumference of leg {inches) : 



9 


91 


At knee 

Lower border of patella 

161 

16i 



141 

151 

11 inches below patella 

2 inches below patella 

13J 

141 

14J 


121 

14} 

31 inches below patella 

13i 

14} 





4 inches below patella 

5 inches below patella 

131 

151 


15 

Hi 

16 

6 inches below patella 

7 inches below patella 

12} 

15 

11 


11} 

16 

8 inches below patella 





lOi 

14 


Injury to right foot; December 16, 1941. 

Amputation of right leg and neurectomy ; March 29, 1943. 
Application of artificial limb: June 30, 1943. 


On Januarj' 15, 1946, this patient returned, wearing the same artificial limb with the addition of one 
sock on the stump. He was working on a cattle ranch and stated that he was able to do all the work 
that he had done before the loss of his leg. He was able to go hunting and to walk long distances over 
rough ground. 

The amputation stump was conical in shape, and the operative scar in the popliteal space was soft 
(Figs. 1-A, 1-B, and 1-C). 

C.\SE 2. W. N. (No. 12.024) was a large white male, aged fifteen, and weighing 138 pounds. He was 
first seen on November 30, 1942, i\-ithin a few minutes after he had sustained an extensive compound 
injury to the right foot. The leg was amputated ; a stump, nine inches long, was left. The wound healed 
promptly, without infection. 

On January 4, 1943, through an incision in the popliteal space, the muscular branches of the tibial 
nerv’e to the two heads of the gastrocnemius were sectioned. On April 10, 1943, an artificial limb was 
provided. 

The final examination of this patient was made on December 22, 1945. He weighed 145 pounds, was 
walking without a limp, and had a painless stump. He was wearing the same artificial limb, provided 
four months and ten days after amputation, but was using two heaAT socks. The stump was nine and 
one-half inches long and conical in shape (Figs. 2-A, 2-B, and 2-C), as shown by the measurements in 
Table II. 


TABLE IV 

Me.asubements in C.ase 4 



Sept. 2, 1944 

Oct. 17, 1944 

1 

Dec. 1, 1944 

Right 

Left 

Right j 

Left 

1 

Right 

Left 

Length of tibia {inches) 





1 

9 


Circumference of leg {inches ) ; 


i 

1 




5 inches above patella j 

20} 

21 j 

17} 

21 

19 

21 

Center of patella 

161 

16i 

16 

163 

1 15} 

163 

2 inches below patella 

141 

141 1 

14} 

14} 

14} 

14} 

4 inches below patella 

14J 

15} ' 

14 

15} 

13} 

15} 

51 inches below patella 

145 

151 

13? 

15} 

13} 

151 

7 inclies below patella 

14} 

15} 

13} 

151 

1 12i 

15} 


Injurj' to right foot: August 12, 1941. 

Amputation of right leg and neurectomy; September 18, 1944. 
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TABLE V 

Mkasuhkmicnts in Ca.sk 5 



May 20, 1945 

Doc. 20, 1945 

Right 

Left 

1 

Right 

Left 

Length of tibia (inches) 




7 

Circumference of log (inches) : 





I^ower border of patella 


14 i 

15V 

14) 

2 inches below patella 


12^ 

15V 

131 

4 inches below patella 


13 V 

15 

13 

6 inches below patella 


121 

13 

111 


Amputalion of left leg and ncurcctoiny : May 21, 1915. 


Case 3. R. S. (No. 12, -172) wa.s a large while male, aged thirty-nine, who weighed 195 pounds. He 
was first seen on March 25, 1913. willi exlen.sive involvement of tlie right foot, following a crushing 
injury received December 16, 1941. 

On March 29, 1943, the right leg was amputated nine inche.s below the knee, and the muscular 
branches of the tibial nerve to the two heaths of the gastrocncmiu.s were .sectioned. An artificial limb was 
applied on June 30, 1943, three months after operation, and two months later the patient started to work 
in an apple orchard. 

The final examination was made January 7, 1946, at which time ho was wearing the original artificial 
limb well; the stump was conical in shape and in good eontlition (Figs. 3-A, 3-B, and 3-C). He was able 
to go hunting, could walk as far as twenty miles, and was employed as an automobile mechanic. 

Case 4. J. B. (No. 14,606) was a very largo, white male, aged forty -seven, who weighed 250 pounds. 
He was seen on September 2, 1944, with a marked deformity of the right foot as the result of injuries to 
the foot sustained August 12, 1941. On September IS, 1944, the right log was amputated nine inches 
below the knee, and the muscular branches of the tibial nerve to the two heads of the gastrocnemius 
were sectioned. 

Traction was applied to the stump for a short time; this was followed by the application of an 
elastic adhesive bandage. Three months after the operation, this patient was wearing an artificial limb 
very well. 

Up to December 1945, the patient had not returned so that additional measurements could be taken, 
nor had he had another fitting of the artificial limb; but he reported that he was doing the work of a 
laborer, without discomfort. 

Case 5. Mrs. C. C. (No. 15,657) was a large while woman, aged fift 3 ’'-four. She had a spastic paral}’- 
sis, involving the left arm and leg, of twenty-seven .vears’ duration. There was a severe equinovarua 
deformity of the left foot, and there had been an unsucce.'^sful stabilization operation, ten 3 "ears before. 

On May 21, 1945, the left leg was amputated seven inches below the knee, and the nerve branches to 
the two heads of the gastrocnemius and to the soleus were divided through an incision in the popliteal 
space. 

When last seen, seven months after operation, this patient had not been able to wear the artificial 
leg provided enough to bring about shrinkage of the stump. The shape of the stump was satisfactor)^ 
however, as is shown by the measurements in Table V. 
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BY W. HENRY HOLLINSHE.U), PH.D., AND J. E. MARKEB, PH.D. 

DURHAM, NORTH CAROLINA 

From Die Department oj Anatonuj, Duke University School of Medicine, Durham 

INTRODUCTION 

It is generally' recognized that the majority of the muscles of the body have a pluri- 
segmental innervation. It is also known that many of these muscles receive more than one 
nerve or nerve branch. The spinal segments giving rise to the nerve fibers to the individual 
muscles are given in all textbooks of anatomy, with some discrepancies in the respective 
accounts. Given less often are the number and location of the nerve branches to the indi- 
^’idual muscles. Probably the most complete account of these details in current editions 
of English and American texts on gross anatomy is to be found in that b5’' jMorris. 

Attention has been called to the practical importance of a knowledge of the number 
and location of these branches by the work of IMarkee and Lbwenbach -. Working on the 
dog, these authors have shown that stimulation of different nerves or neiwe branches to a 
given muscle may involve contraction of different “segments” along the length of that 
muscle. If only one of the several nerves to the rectus femoris — for instance, the proximal 
branch — be stimulated, contraction of the proximal portion of the muscle may be accom- 
panied by an actual stretching of the middle and distal parts of the muscle, innervated by 
two other nerve branches. Observations on certain patients with partial paralysis of 
muscles indicate that the same phenomenon probably occurs also in the human. Weak- 
ness of a muscle, associated with displacement of its bulge upon contraction, as seen in 
certain patients after poliomyelitis, apparently is due to stretching of a part of the muscle, 
and consequently to unopposed contraction elsewhere. 

In the dog, according to the results of !Markee and Lbwenbach eiddence indicates 
that, in at least certain long muscles, the fibers composing the different nen’e branches to 
a muscle have arisen primarily from different spinal segments. In the rectus femoris, 
semitendinosus, and semimembranosus, if stimulation of a ventral nerve root has produced 
contraction in the proximal portion of the muscle, stimulation of a more caudal root pro- 
duces contraction of a more distal portion of the muscle. Information on this latter point is 
not available for the human; but, with these possible applications in idew, a study has 
been made of the number, location, and pattern of branching of the nerve supply to the 
long muscles of the limbs. 


M.\TERIAL .-VND METHODS 

The observations recorded here are based upon a careful and rather complete dissec- 
tion of one cadaver, supplemented and extended by the use of routine dissecting-laboratorj’^ 
material. Because some of the nenm branches are frequently destroyed in a routine dissec- 
tion, this latter type of material has been used to supply information only about branches 
absent in the more careful single dissection. 

During the course of this special dissection, the nen-es and muscles were demon- 
strated and moved in front of a motion-picture camera ; thus the relations from a number 
of %dewpoints were recorded. Photographic stills were then made from selected frames, 

_ * Read at the .Annual ISIeeting of The .American .Academy of Orthopaedic Surgeons, Chicago Rli- 
nois, January 21, 1946. =. > = , • 

t Aided by a grant from The National Foundation for Infantile Paralysis, Inc., New York, N. Y. 
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illustrating the innervation to each particular muscle. The drawings of the branchings to 
the various muscles were, in turn, made from these still photographs; and the precise rela- 
tions of these nerves were again verified from the motion pictures. The figures of the nerves 
to the muscles we have chosen to present, therefore, depict rather e.xactly their location 
and manner of branching in one cadaver. AVhile the authoi-s are conscious of the variations 
which do occur from one individual to another, they believe this careful account of the 
nerve branching observed in one body will be in general more useful than a more schema- 
tized, and necessarily less exact, representation. 

OBSERVATIONS 

The data recorded here could logically be presented from any one of several aspects,— 
that is, from the standpoint of functional muscle groups, fi’om that of anatomical location 
of the muscle, or from that of the nerves and their motor branches. AVc have chosen the 
latter aspect largely because of its simplicity. 

The following description is derived from the dissection upon which the photographs 
and drawings arc based. In parentheses arc included data upon the nerve branching, ab- 
stracted from the texts of Cunningham and IMorris. The source of the parenthetical mate- 
rial is indicated by C. for Cunningham, il/. for Morris. 

In the upper limb, the findings were as follows: 

Musculocutaneous Nerve (Fig. 1) 

Shortly before this nerve enters the coracobrachialis muscle, it gives off three branches 
to it (M., one branch) , two of which again branch, all entering the middle third of the 
muscle. As the nerve lies behind and between the two heads of the biceps, a single branch 
for both heads of the biceps is derived from the trunk (il/., one or two branches) and 
quickly divides into a nerve entering the upper third of each head; that for the long head 
divides into three branches before it enters the muscle. About three centimeters distally 
there arises a single branch (il/., one branch) for the brachialis. This divides into two 
branches, both of which enter the upper fourth of the muscle. 

Median Nerve (Figs. 2, 3, and 4''^) 

The first muscular branches of this nerve supply the pronator teres (il/., one branch, 
dividing into one for each head) , and arise just above the point at which the median nerve 
passes between the two heads of this muscle. The upper, shorter branch enters the proxi- 
mal third of the humeral head of this muscle, dividing as it does so; a second branch gives 
off a twig to the upper third of the ulnar head and, passing distally betiveen the heads, 
divides to enter the lower third of each head. As the median nerve passes betiveen the two 
heads of the pronator teres, and before it passes deep to the flexor digitorum subliinis, it 
presents an ovoid enlargement from which several muscular branches arise. From the 
medial side arises the lower nerve to the pronator teres, already described ; laterally arises 
a nerve which is distributed in part to the uppermost portion of the radial head of the 
flexor digitorum sublimis, the remainder passing through this muscle to enter the upper 
third of the palmaris longus (il/., one nerve) . Slightly lower, from the lateral side of this 
swelling, arise twm separate nerves for the flexor carpi radialis (il/., one nerve, dividing into 
several) which enter the upper fourth of the muscle about twm centimeters apart. Im- 
mediately below the second nerve to the fle.xor carpi radialis there arises a second nerve 
to the flexor digitorum sublimis, which branches as it enters the upper part of the muscle 
only slightly distal to the first nerve to this muscle. A third nerve to the flexor digitorum 
sublimis arises from the median nerve as it courses behind the flexor digitorum sublimis. 
This branch enters at about the junction of the proximal and middle thirds of the muscle. 

* Only the muscles whose innervation is illustrated in a given figure are labeled in that figure- 
es removed to show deeper structures may be identified by referring to preceding figures. 
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The interosseous branch of the median nerve carries the remaining motor fibers of this 
nerve, destined for the musculature of the forearm. Fioin the intei osseous nerve arise two 
branches to the radial head of the flexor digitorum piofundus, the upper one branched 
(.1/., one or two branching). Aiising close to the lower nerve to the flexor profundus is a 


r 






Fig. 3 


Fig. 4 
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branch to the upper part of the flexor pollicis longus. The interosseous nerve continues, 
much reduced, and gives of! a second branch which enters the junction of the upper and 
middle thirds of the belly of the flexor pollicis. longus {M. also describes two branches). 
The remaining motor fibers of the interosseus enter the deep surface of the pronator 
quadratus (i¥., “branches”). 

Ulnar Nerve (Fig. 4) 

As the ulnar nerve lies deep to the flexor carpi ulnaris, after passing between the two 
heads of origin of this muscle, it gives off a branch into the uppermost part of the muscle; 
a second branch arises just above the origin of the dorsal cutaneous branch, which in this 
case is quite high; a third branch to the flexor carpi ulnaris arises from the dorsal cutane- 
ous branch, and enters the middle third of the muscle (C., two to four; M., two or three, 
or one branching) . Arising from the ulnar nerve, between the first and second nerves to 
the flexor carpi ulnaris, is a single branch, dividing into two, entering the upper part of the 
ulnar head of the fle.xor digitorum profundus (fl/., one branch) . 

Radial Nerve (Figs. 5, 6, 7, and 8) 

As this nerve lies on the medial surface of the humerus, just before it enters the radial 
groove, it gives off its first muscular branch, to the long head of the triceps brachii {M., 
one branch, dividing into se^'eral). Dividing into two, one of the subsidiary branches 
enters the long head at about the lower margin of the tendon of the teres major; the other 
courses farther along the posteromedial surface to enter the upper part of the middle third 
of the muscle. 

A second muscular branch of the radial nerve, arising before this nerve disappears 
beneath the lateral head of the triceps, is distributed to the upper part of the lateral head. 
A third branch, arising just distal to this, goes to the medial head. It gives off one branch 
to the upper part of the medial head and then runs for a considerable distance along the 
medial surface of this head to enter the lower third of the muscle. Because of its course, 
this branch is frequently known as the ulnar collateral nerve. As the radial nerve passes 
between the origins of the medial and lateral heads of the triceps, on the posterior surface 
of the humerus, it gives off in succession a branch to the middle third of the lateral head, a 
stout branch into the upper lateral portion of the medial head, and a third branch entering 
the deep surface of the lateral head in the upper part of its lower third (C., two branches 
to medial head; M., “branches” to medial and lateral heads). 

A branch from the radial nerve to the brachialis muscle was not found in this case. 
When such a branch occurs, it is probable, according to Cunningham, that it contains no 
motor fibers. 

As the radial nerve lies between the brachioradialis and the brachialis muscles, it 
gives off a single nerve (C., one or two; M., one) to the former muscle. A short distance 
below this there arises a single nerve {M., one or two nerves) to the extensor carpi radiahs 
longus. From the point of division of the radial nerve into deep and superficial branches 
arises the nerve {M., one nerve) to the extensor carpi radialis brevis, dividing into two, the 
lower branch entering about the middle of the muscle. The other nerves enter the upper 
third of their respective muscles. 

Just before the deep radial nerve enters the supinator muscle, it gives off two 
branches to this muscle {M. mentions “branches”) ; in its course between the fibers of the 
muscle, it contributes three more twigs to it. As the deep radial nerve emerges from the 
lower border of the supinator, it fans out into a number of small branches. Two are given 
off in quick succession to about the junction of the upper and middle thirds of the extensor 
digitorum communis, and a single branch passes to the extensor carpi ulnaris (M., one, 
branching into several). A third branch to the extensor digitorum communis (M., one, 
branching into several, or two or three separate branches) and to the extensor digit! quinti 
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propi'ius passes more ciistally into those muscles. A branch also enters the upper part of 
the abductor pollicis longus (d/., one or more branches) . The remainder of the deep radial 
nerve passes distally, giving oft" a branch into the uppermost portion of the extensor pollicis 
bievis {M., one branch), another to the upper portion of the extensor pollicis longus, and 
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another to the upper third of the extensor indicis proprius {M., one branch). Its final 
motor branch is a second twig to tlie extensor pollicis longus (fi/., one, branching into sev- 
eral) , into its upper third. 

In the lower limb, the following observations were made: 

Femoral Nerve (Figs. 9 and 10) 

A short distance below the inguinal ligament, this nerve divides into a number of 
muscular and cutaneous branches. Among the first to be given off is the small nerve to the 
pectineus muscle (C. and ill., one or two), passing behind the femoral sheath into the upper 
third of the muscle. In addition to a cutaneous branch piercing the sartorius, two branches 
are given off to the upper third of this muscle (C., two sets; M., two). The upper branch 
divides once; the lower branch divides into several twigs, of which the lowest enters the 
muscle at about the junction of its upper and middle thirds. The nerves to the rectus 
femoris are also two in number (fi/., two). The upper divides to enter the upper third of 
the muscle; the lower in turn again divides, giving two twigs into this part of the muscle 
and continuing to enter the middle of the lielly of the muscle. A single nerve to the vastus 
medialis (C., two nerves; M., one, branching) runs upon the medial surface of the muscle 
in the adductor canal; it gives off twigs into tlie upper part of the muscle, and continues its 
course to penetrate the muscle at about its middle. A single nerve to the vastus lateralis 
(M., three nerves) divides before entering the distal part of the upper fourth of the muscle. 
The vastus intermedius receives a single nerve, entering the upper part of the muscle (C. 
and M. also mention an innervation from the nerve to the medialis, the lateralis, or both). 
The nerve to the articularis genu (not illustrated) is derived from the nerve to the vastus 
intermedius. 

Obturator Nerve (Figs. 11 and 12) 

As this nerve emerges from the obturator foramen, under cover of the pectineus 
muscle, it divides into anterior and posterior branches. The anterior branch gives off a 
single twig into the posterior surface of the upper margin of the adductor brevis (M. men- 
tions “rami”), and then crosses superficially to this muscle. It gives off a single branch, 
which divides into three as it enters the junction of the upper and middle thirds of the 
adductor longus (M., one branch, giving off several twigs; occasionally there is a second 
branch, probably sensory, from the femoral nerve) . The remaining muscular branch of 
this nerve divides into three twigs, which enter the lower part of the upper third of the 
gracilis (M., one branch) . 

The posterior branch of the obturator nerve passes deep to the adductor brevis, to end 
in four branches (M., one or more) which penetrate the upper third of the adductor magnus. 

Sciatic Nerve (Figs. 13 and 14) 

Just below the ischial tuberosity, the sciatic nerve gives off the upper of the two nerves 
to the semitendinosus (C., two; M., two, each may be doubled) . This upper nerve quickly 
divides into three short branches, which enter the muscle close together, about four centi- 
meters below the tuberosity. The sciatic nerve then gives off a single branch to the long 
head of the biceps femoris (M., two: one or both doubled, or both combined) which 
enters the muscle high. The upper of the two nerves to the semimembranosus (M-, “sca'^- 
eral” nerves) enters the deep surface of that muscle in two branches, which penetrate the 
muscle just below its tendon of origin, therefore close to the middle of the thigh. A further 
branch of this nerve passes dowmvard on the posterior surface of the adductor magnus, 
sending three branches into the lower half of this muscle [M., one branch) . 

The second nerve to the semitendinosus arises about four centimeters lower, passing 
unbranched into the deep surface of the muscle at about the junction of the middle and 
lower thirds. About four centimeters beloAv this, the second nerve to the semimembranosus 
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IS gnen off, dividing to penetrate the lateral edge of the muscle Between the level of 
oiigin of these two latter neives there aiises, fioni the peroneal side of the sciatic nerve, 
the single nerve to the short head of the biceps (M , one nerve) , which branches once as it 
enteis the upper part of the fleshy origin of this muscle 
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Fig. 15 

Tibial Nerve (Figs. 15 and 16) 

Shortly after its origin from the sciatic nei've in the popliteal fossa, the tibial nerve 
gives off from its anterior surface a twig (not illustrated) to the plantaris muscle (M., 
and then gives off medial and lateral muscular branches, one to each head of the gastroc- 
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nemius {M., one branch for each head) . These nerves enter the heads of this muscle close 
to their origins; that for the medial head divides into three twigs just before it disappears 
in the muscle, that for the lateral head into two. Just below the origins of these nerves 
there arises, from the posterior surface of the tibial nerve, a single nerve which divides to 
supply one nerve to each head of the soleus muscle (il/., one nerve dividing into one for 
each head; also branches from the tibial nerve into the deep part of the muscle) . As it lies 
deep to the soleus, the tibial nerve gives rise to a second branch to the medial head. This 
enters the muscle in two twigs. 

The nerve to the popliteus (il/., one nerve, sometimes two) arises about the middle of 
this muscle, therefore above the origin of the second nerve to the soleus, and runs across 
the superficial surface of the popliteus to wind around its lower border and penetrate its 
deep surface. At the lower border of this muscle, the nerve to the flexor digitorum longus 
arises in common with that to the tibialis posterior. That for the posterior tibial muscle 
j quickly separates from that to the fle.xor digitorum longus, and divides to enter the upper 
, part of the muscle (il/., one nerve, branching) . The nerve to the flexor digitorum longus 
. (il/., one dividing into two: one for the medial, one for the lateral part of the muscle) also 
divides early, one branch entering the upper part of the muscle ; the second longer branch 
runs for some distance upon the surface of the muscle, giving branches into it, and finally 
disappears into about the middle of its muscle belly. 

The nerve to the flexor hallucis longus (M., one or two nerves) arises shortly below 
the first nerve mentioned. It gives two branches into the upper part of the muscle, and a 
third branch runs downward on the deep surface of the muscle to disappear into its sub- 
stance about the middle of its belly. 

Peroneal Nerve (Figs. 17 and 18) 

The superficial peroneal nerve gives off a branch to the upper part of the peroneus 
longus (il/., two) just before it passes between this muscle and the bone. As it attains the 
anterior side of the leg, it gives off its second muscular branch, a long slender one which 
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runs down to the peroneus brevis (M., one brunch) , giving several brunches into the upper 
part of the muscle and then running along its surface to disappear in its middle third. 

Under cover of the peroneus longus, the deep peroneal nerve also gives a branch into 
the upper part of this muscle, this brancli diviiling as it enters. The deep peroneal then 
gives off a number of sepaiuite branches to the extensor fligitoiunn longus and to the tibialis 
anterior. Those to the extensor digitorum longus are three in number (il/., two branches). 
The upper two arise close togethei-, and branch once each as thc}^ enter the upper third of 
the muscle; tlic third nerve to this muscle, arising somewhat lower, gives a branch into the 
middle third of the belly, and runs along the deep surface almost to the tendon before dis- 
appearing in the muscular substance. The lower nerve to tlie extensor longus also supplies 
the peroneus tertius (il/., one) . There are also three nerves to the tibialis anterior {M., one 
with several twigs from common peroneal nerve, one from deep peroneal nerve). The upper 
two enter the upper third of the muscle, both Iiranching before entering; the lower nerve 
gives a branch into the middle third, and runs some distance l)efore finally disappearing 
into the lower third of the muscle. 

A single nerve into the upper third of the extensor hallucis longus (M., one nerve), 
branching as it enters, completes the muscular biainchcs of the peroneal nerves in the leg. 


DLSCUSSION 

Of the fifty-eight separate heads of origin of the long muscles of the limbs which w 
have considered here, all but fifteen were penetrated by nerve branches at more than one 
point. This was true of the one body described and illustrated here; ten of these fifteen are 
known to receive more than one nerve branch in other individuals. 

Included in the cases of muscles receiving more than one nerve branch are both those 
to which two or more nerves arise separately from the main nerve trunk, and those to which 
the two or more entering nerves are derived from a single stem. These two apparently dif- 
ferent conditions are in reality only the result of varying types of fascieulation, for in some 
bodies the nerves arise separately, while in others they are bound together in a common 
sheath of connective tissue. 

Many of the longer muscles receive their nerve supply at two rather distinct levels, one 
nerve branch penetrating the muscle close to its origin, other branches entering the middle 
or, rarely, the distal third. This anatomical pattern is similar to that in the dog, in which 
experiments on certain muscles have shown that the nerves entering at different levels con- 
trol different “segments” along the length of the muscle. If experimental data are to be 
obtained in the human by nerve stimulation, this pattern of branching suggests the muscles 
upon which such observations might most fruitfully be made. 

However, it should be pointed out that the manner and position of entrance of the 
nerves to a muscle give little evidence of the distribution of these nerves within the muscle. 
In the case of the adductor inagnus, it would seem fairly obvious that the obturator nerve 
controls, in general, a proximal part of the muscle, and the sciatic nerve, in general, a dista 
part. A different type of distribution is illustrated by the nerve supply to the flexor digi- 
torum profundus; it is well known, both anatomically and clinically, that an ulnar portion 
of this muscle is supplied by the ulnar nerve, a radial portion by the medial nerve. 
most muscles, even such apparently simple conclusions cannot be reached from observa- 
tion of anatomical material. In the rectus feinoris of the dog, for instance, the three nerve; 
entering the muscle do control upper, middle, and lower “segments” of this muscle; ho"' 
ever, these segments are roughly triangular in shape, the upper and lower segment; 
nearly meeting each other. Aloreover, judging by the results of stimulation in the clog, 
extent of a muscle controlled by a given nerve branch bears no precise relation to the rela- 
tive size of this entering branch. Perhaps this may be due to variations in the number o 
sensory fibers included in the various nerves. 

Atany of the muscles, although they receive several branches, receive these very close 
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together, and thus the external pattern of branching gives no evidence whatever of their 
distribution within the muscle. One can also only speculate concerning the functional 
distribution of the nerve fibers to those ten muscles in this body which we found to receive 
only a single unbranched nerve, but which in other bodies may receive more than one 
branch. 

The existence of multiple nerve branches in the human, and the fact that in the dog 
different parts of the muscle contract on stimulation of different ventral spinal roots, 
might at first thought be interpreted to mean that the different branches supply regions of 
the muscle developed from diflferent somites. It should be remembered, however, that 
neither experimental embryological evidence nor observations on the developing human 
embryo support the hypothesis that the limb muscles are derived from somites; the experi- 
mental evidence in the Amphibia, for instance, indicates clearly that the limb muscles in 
these forms are derived from unsegmented lateral mesoderm. The segmental innervation 
of the limb as a whole is of course evident ; however, the relations between the developing 
nervous and muscular systems are certainly as yet not fully understood, and further dis- 
cussion of the known facts would be out of place in this paper. 

It might also be pointed out that the number of neiwe branches entering a muscle 
bears no fixed relation to the number of spinal-cord segments which are said to innervate 
that muscle. The individual muscles of the limbs are regularly supplied through from two 
to four spinal nerve roots; the variations given for any one muscle by different authors 
may reflect real variations between individuals, the paucity of our knowledge, or both. 
There is not the slightest evidence that the variations in the nen'e branching to a muscle 
are correlated with the segmental nerv'e supply to that muscle. 

It would be tempting to tiy to correlate the observations presented here with various 
clinical conditions. Yet, as the data presented here are based upon experiments on the dog 
and observations on the human cadaver, any speculation concerning their clinical signifi- 
cance would seem at this time to be premature. 

SUMM.VRY 

Experimental evidence from the dog, demonstrating the physiological importance of 
the multiple innervation to individual muscles, led to the detailed observations, here pre- 
sented, upon multiple nerve branches in the human. Of fifty-eight separate heads of origin 
of the long muscles of the limbs in one cadaver, all but fifteen were entered by nerve 
branches at more than one point. Ten of these fifteen are known to receive more than one 
branch in other individuals. These multiple branches may enter the muscle close together, 
or may be distributed for some distance over the length of the muscle. In neither pattern 
of branching can the ultimate distribution of the nerve fibers within the muscle be deduced 
from a purely morphological study. 

The evidence obtained from experiments on the dog by Markee and Lowenbach dem- 
onstrates that the multiple neiwes entering a muscle may control the contraction of differ- 
ent “segments” along the length of the muscle. The present study has emphasized that a 
similar anatomical condition exists in the human. However, physiological evidence similar 
to that for the dog has yet to be obtained. 

t 

XoTE It IS a pleasure to express our indebtednes', to Mr Elon Clark and his co-workers m the 
Du ision of Medical Illustration for their artistic and accurate drawings 
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ACTIVE SPLINTING OF THE HAND 


BY STERLING BUNNELL, M.U., SAN FRANCISCO, CALIFORNIA 

Flands are peculiar in that they arc prone to become stiffened, — evidently because the 
joint surfaces arc so accurately approxiinatctl, and there are more close-fitting, gliding 
parts than elsewhere in the body. Joint ligaments arc just long enough, but not too long. 
If, from any cause, a hand remains swollen and immobile', the scrum-soaked ligaments 
become short and thick, binding the joints. From the fluid of oedema, fibrin settles be- 
tween the movable tissues and within them, — muscles, tendons, and joints alike. Fibro- 
blasts invade; the whole becomes organized and shrinks; and the hand becomes congealed. 
The proximal joints of the fingers stiffen in the straight position, because of their collateral 
ligaments. These ligaments arc tight in flexion, but shorten when they are relaxed, with 
the joint in the straight position, in .such a way that they prevent flexion. 

Splints cause stiffness of the hands if they 
extend beyond tbc distal crease in the palm to 
include the digits, if they arc kept on too long, 
if they hold a joint in a rigid, strained position, 
or if they hold the hand in a position of non- 
function. Errors of position in splinting are to 
hold the wrist flexed, the fingers straight, the 
palm flat, and the thumb at the side of the 
hand or pressed close into it. 

The wrist is the key joint to the position 
of function. AVhen held flexed, in the protec- 
tive position assumed by a sick hand, the ex- 
tensors of the digits are tightened, hyper- 
extending the proximal joints of the fingers, 
drawing the thumb back and to the side of the 
hand, flattening the metacarpal arch, and sec- 
ondarily, from the flexors, producing clawing 
of the fingers. The intrinsic muscles are then 
too far off center to act. Shortening of the 
muscles from disuse exaggerates the effect. 
The muscles are in balance in this position of 
non-function; but, if Ave dorsiflex the wrist, 
they will be in balance in the position of fimC" 
tion. The position assumed by the hand is de- 
termined by muscle balance, which chanps 
Avith the position of the Avrist. In examining 
many patients who Avere brought from overseas AAoth their hands in plaster, it Avas rare to 
find a dorsiflexed wrist. 

The injured hands Avhich were found to be limber Avere those in Avhich the Avounds had 
been closed quickly ; in Avhich only the injured part of the hand had been immobilized, and 
for but a short time; in Avhich the position of function had been maintained, especially 
with the proximal joints in flexion; and in which movement had been active and continuous. 

Splints Avhich are used to immobilize inflamed or healing parts — such as occur Avith 
osteomyelitis, fractures, or after plastic surgery — must of necessity be stationary. In this 
paper a system is outlined of using elastic splinting or spring splinting to coax joints around 

* Presented at the Annual Meeting of The American Orthopaedic Association, Hot Springs, VirginWi 
June 27, 1946. 



Fig. 1 

Cock-up splints of flat spring steel or piano 
wire, used to dorsiflex wrist and furnish exer- 
cise. Upper view shows ivrist in dorsiflexion ; 
lower view, in flexion. 
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Fia. 2 Fig. 3 

Fig. 2: Splint to flex and exercise proximal joints of fingers. Direction of puU of rubbers is 
adjusted by bending outrigger. 

Fig. 3 ; Metal spnng splint with outrigger, over which has been slipped metal tubing to act as 
a roller, bent to give the desired direction of pull of the rubbers. Upper \dew shows dorsiflexion of 
wrist and extension of proximal joints of fingers. Lower view shows flexion of wrist and of proximal 
finger joints. 

from the position of non-function into that of function, and to maintain them so. Spring 
splints are also advised as a substitute for paralyzed muscles in peripheral-nerve injuries. 

In forcing joints into other positions, spring or elastic splinting has been found to be 
more efScient than unyielding splinting. Rigid splinting makes rigid hands. In splinting 
with springs or elastics, the joints are never strained to excess, nor are they immobilized. 
Active splinting is physiological splinting. Hands need mobility to thrive. If kept still, 
they become atrophied and stiff. The hands work continuously against the springs or 
elastics ; and, with these splints, they are actually exercised. By this system we splint to 



Fig. 4 Fig. 5 

Fig. 4; Illustrates knuckle-bender splint, which has been designed to flex and exercise proximal 
joints of fingers. The splint has three padded points of pressure, activated by rubber bands and 
with pivots corresponding to the axes of the joints. Motion is carried through the full range. 
Rubber on back of the thumb helps to oppose it. 

Fig. 5; Shows knuckle-bender splint, with leather loop and rubber to draw the thumb into oppo- 
sition. Note the outrigger with tube roller, over which leather loops and rubber bands draw the 
fingers into extension in the correction of claw-hand. 
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Fig. 6 Fig. 7 

Fig. 6; Simple splint of clock spring, to draw fingers into e.xtension. The range of motion is 
demonstrated. 

Fig. 7: Safety-pin splint of sjn-ing wire (0.033 inch) to straiglitcn finger. The two views show 
the spring motion. 



Fig. 8 Fig. 9 

Fig. S: Splint of clock spring, designed to extend and e.xercise the fingers (developed at Dibble 
General Hospital). 

Fig. 9: Modified Oppenheimer splint, used to balance the muscles in cases of radial palsy. The 
main spring wires are light (0.069 inch). The thumb is held by a leather loop and light spring wire 
(0.033 inch) instead of a rigid ring, so as to give free mobility. Strap passes through wire rings to 
retain splint in place. Upper and loiver views show motion possible. 
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mobilize, not to immobilize. It is functional splinting. The muscles pump away their 
stagnant fluids, washing out -the toxins; the tendons keep gliding and the joints keep 
moving, thus preventing adhesions and keeping these structures normal. 

In active splinting, the splints should be light, and should not interfere with occupa- 
tional theraijy or other work. They force the joints around into the position of function, — 
that is, the wrist into dorsiflexion, the proximal joints of the fingers into flexion, the palmar 
arch into a curve, and the thumb into the position of opposition. Also, the splints extend 
clawed fingers. In the position of non-function a little motion is useless; but in the position 
of function, motion is useful for pinching and for picking up objects. When a hand can do 
this, it will be used more and more, and will continually improve with work. 

SPLIXTIXG rOR P.VILVLYSIS 

Paralytic patients have been oversplinted. The dictum formerly was to keep the 
paralyzed muscles fully relaxed by splinting unremitting]}" in the position opposite to that 
of the deformity. So many hands have been crippled from overcorrection and stiffened 
from rigid splinting that some neurosurgeons have rejected all splinting in cases of paraly- 
sis. This is going too far in the other direction. Without splinting, the paralyzed muscle 
becomes too long. The deformity from muscle imbalance eventually becomes fixed. Then, 
after the nerve recovers and reinnervates the muscle, it has the additional task of shorten- 
ing the muscle against deformity and against the pull of a strong antagonist. It is unneces- 
sary to keep the paralyzed muscle in full relaxation; merely to keep it in the position of 
function is sufficient. I^o splinting is needed, except for the specific muscles involved; all 
other parts of the hand should be free for activity. The object should be to supply a spring 
or elastic pull, of just sufficient degree to serve as a substitute for the paralyzed muscle, to 
maintain muscle balance in the position of function. The splint should be as light as pos- 



F;g. 10 F:g 11 

Fig. 10; Suspension splint for radial palsj- (Thomas) to furnish muscle balance and complete 
freedom of action for manual work. The spring wiie which holds the thumb is verj- light Degree 
of motion 13 demonstrated 

Fig. 11; Knuckle bender, used in palg." of both median and ulnar neries to correct muscle 
balance by substituting for paralyzed intrinsic muscles Upper view shows position of claw-hand, 
with thumb at the side and proximal finger jomts straight. In lower view, position has lieen corf 
rected by elastic pull of rubber bands, straightening clawed fingers, flexmg proximal joints of the 
fingers, drawing the thumb into opposition, .and currmg the metacarpal arch. Outngger with tub- 
ing 1 oiler has been snapped into place. 
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siblc, and should allow free, unhampered use of the hand for manual work. Such a spring 
splint exercises all of the muscles. For radial palsy, if a man keep.s his hand always in 
supination, the extensor muscles will be protected by gravity, making splinting unneces- 
sary; but the patient will not always maintain this position and, without supination, his 
hand Avill not fall into dorsifiexion. 

The principle of active splinting, although developed for the hand, is applicable to 
other joints. For example, after the acute phase lias passed in poliomyelitis, wc need just 
enough spring substitution to complete the muscle balance and still allow free exercise 
of the limb. 


DISCUSSION 

Dn. Piiiuip D. Wiusox, Now Youic, N. Y.: This sybtciu of .splinting wliicli Dr. Bunnell has dem- 
onstrated is extremely ingenious. It is the re.iult of many years of thought and study. Many of us cannot 
even understand the full implication of .'^ome of these splints and what they do. Because Dr. Bunnell has 
worked through the various main centers of the Armj', ho has been able to multiply his own efforts so 
that relief has been brought to maiw hundreds of men with crippled hands. I vi.iitcd one of these centers, 
and was greatly impressed bj' the work there. I am very sorry that General Kirk is not here to discuss 
this paper and to express the gratitude which we all feel towaril Dr. Bunnell. 


THE JOURX.\L OF BOXE AXD 


JOIXT SUnCER' 



A STUDY OF SUPINATION AND PRONATION, WITH ESPECIAL REFERENCE 
TO THE TREATMENT OF FOREARIM FRACTURES - 


BY JAMES PATRICK, F.R.C.S., GLASGOW, SCOTLAND 
From the Orthopaedic Dcparlmenl, Glasgow Royal Infirmary 

This study is based on a series of about 6,000 fractures of the forearm treated dmang 
the last eleven years, and on a small number of non-traumatic cases with limitation of 
rotation due to other causes. Only a portion of the fracture cases had more than slight 
limitation of rotation; 1,245 such cases were especially investigated and followed up, and 
these formed the major part of this work. 

Rotation is the movement mainly affected after union of forearm fractures, and yet 
this important function is veiy often neglected in the treatment of these cases. Good pro- 
nation is necessaiy in eating with a knife and fork, in typing, and even in as fundamental 
an action as picking up a small object. Full supination is needed for such eveiyday actions 
as accepting one’s change in the bus or wielding a shovel. Different patients have their 
own peculiar complaints associated with loss of supina- 
tion ; a violinist will find it impossible to play if his left 
forearm is affected, and a farmer’s wife will explain 
how difficult it is to milk a cow. It is possible to com- 
pensate partly for loss of pronation by abducting the 
humerus, but limitation of supination does not admit 
of ready compensation by any such manoeuvre. 

Observations of normal people reveal marked 
individual variations in the range of supination and 
pronation, even though the range in both forearms of 
^ any single individual is identical. The range of rota- 
tion seems to decrease with age. Pronation shows the 
greater individual variation, and in normal adults its 
range may be as little as 30 degi-ees. Supination, on 
the other hand, is rarely less than 70 degrees. 

CLINICAL ME.ASUREMENT OF SUPINATION AND PRONATION 

In order to make comparative clinical measure- 
ments of supination and pronation, a special goni- 
ometer was devised (Fig. 1). The pointer of the instrument is fastened to a spindle, 
running through the axis of the dmm; a weighted lever, fixed on the spindle inside the 
drum in a position diametrically opposite the pointer, keeps the pointer vertical as the 
drum with the scale rotates. Zero position is taken when the handle of the instrument, 
which the patient grasps, is vertical and in line with the humerus. 

Direct measurements of the range of supination and pronation are valueless for com- 
parative purposes, since the range of rotation may Amry enormously in different individ- 
uals. One must always read the range of supination and pronation on right and left arms 
•and record the limitations of supination and pronation as minus x and minus y degrees, 
respectively. In pronation, the patient tends to abduct the elbow and so to falsify the 
reading; this error must be guarded against. In supination, the patient may lean toward 
the injured side; and, to get an accurate reading, this error must also be checked. 

* Based on a paper given at a meeting of The British Orthopaedic Association in Glasgow. June 1043, 
and on a Hunterian Lecture delivered at the Royal College of Surgeons of England, at London. Alav 31 
1945. 



Fig. 1 

Goniometer for measurement of 
supination and pronation. {Repro- 
duced by permission jrom the British 
Medical Journal, Aug. 19, 19Ji4.) 
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TUB MECHANICS OK SUITNATION AND I’KONATION 


The movement of the riulius around tiic ulna is like that of tlie liancllc of a bucket. 
The head of the radius pivots in the annular ligament, while the lower end swings aroumf 
the head of the ulna, being attached to it by the articular iliso. 

The fibers of the iiiteronticous membrane run downward from the radius to the ulna, 
During pronation of the forearm, the radius moves downward slightly in relation to the 
ulna, so that the fibers of the interosseous meml)rane tend to be slack. 

The axi& of rotation of the radius passes 
through the center of the head of the radius 
at the upper end ; at the lower end it passes 
through the head of the ulna at a point close 
to the base of the ulnar styloid. AVhen this axis 
is drawn on an anteroposterior roentgenogram 
of the forearm bones, it is found to pass ex- 
actly along the interosseous border of the 
ulna (Fig. 2). In a lateral roentgenogram, 
the interosseous ridge of the ulna is usually 
found to lie slightly behind the axis of rota- 
tion. The sectional relation of the axis of rota- 
tion to the interosseous border of the ulna is 
shown in Figure 3. It will be seen from this 
diagram that the fibers of the interosseous 
membrane tend to become tightened during 
pronation and slackened during supination. 
This clTect, clue to the axis of rotation lying 
in front of the interosseous membrane of the 
ulna, is exactly balanced by^ the opposite 



SUPmftTioii 


PoaremoR 



PRoNianoN 


RMTtRIOR 


Fig. 2 


Fig. 3 

Fig. 2: Roentgenograms of normal radius and ulna, with wire drilled along axis of rotation of 

Fig. 3: Sectional diagram of radius and ulna, showing arc of rotation of radius as a dotted line, 
with interosseous ridge of ulna Ijdng just behind center of rotation. 


tightening-slackening effect of the slight piston movement of the radius during pronation 
and supination; as a result, the interosseous membrane retains equal tension throughotH 
the full range of rotation. In other xvords, for all practical purposes, one can disregard tlie 
slight piston movement of the radius and the slight displacement of the interosseous ridge 
of the ulna behind the axis of rotation, because the effects of these two factors on the intei- 
osseous membrane balance one another. The interosseous border of the ulna can then ^ 
regarded as actually corresponding to the line of the axis of rotation of the radius,-—* 
least for the purpose of simplifying this study of supination and pronation. 
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Fio. 4 

Normal arthrograms of inferior radio-ulnar joint. 


The triangular fibrocartilage . or articular disc, is the main ligament binding the lower 
end of the radius to the ulna. At its base the articular disc is attached to the radius; at its 
apex it is inserted into the radial aspect of the styloid process of the ulna. From its other 
two sides, capsular fibers pass to the anterior and posterior surfaces of the head of the 
ulna. The articular part of the carpal surface of the head of the ulna consists of a small 
triangular area of cartilage, occupying the sector adjacent to the radius. The remaining 
two-thirds of the head give rise to lax fibers, which blend with the triangular fibro- 
cartilage. A moment’s consideration will show that, in supination and pronation, the aitic- 
ular disc will glide to and fro over the head of the ulna. Figure -4 shows the appearance of 
normal arthrograms of the joint space between the head of the ulna and the fibrocartilage. 

Normally, pronation is limited by the crossing of the radius on the ulna and the 
trapping of the deep flexor muscles of the forearm between these two bones. The normal 
limiting factor in supination is more difficult to ascertain, but it appears to be caused by 
the posteromedial edge of the lower end of the radius becoming impinged against tlie tendon 
of the extensor carpi ulnaris, as it lies in its groove. 

UMITATIOX OP ROT.ATIOX FOLLOVUXG UXIOX OF FORE.ARM FRACTURES WITHOUT DISPLACEMEXT 

A consecutive series of 637 forearm fractures, excluding anj- with imperfect reduction 
or malalignment, was studied ; and, once firm union had occurred, measurements were made 
). of supination and pronation. Figure 5 shows the average combined limitation of supination 
and pronation for fi-actures of the radius and ulna, respectively, at the different levels. It 
will be seen from this graph that, with the e.xception of some fractures of the head of the 
radius, fractures above the level of the interosseous membrane do not cause limitation of 
rotation, once union has occurred. Fractures of the radial styloid are also in this categoiy. 

Colles’s Fracture 

In patients with Colles’s fracture, limitation of rotation develops; this persists for 
many months and is sometimes permanent. These patients have pain over the head of the 
ulna when supination or pronation is forced. 
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When displacement of a 
Colles’s fracture occurs, a strain is 
put upon the articular disc. Either 
this disc ruptures or, more fre- 
quently, the styloid process of the 
ulna, to which the triangular fibro- 
cartilage is attached, is fractured 
at its base and displaced laterally 
to the same extent as the lower 
fragment of the radius. When re- 
duction is effected, the semirigid 
articular disc pushes the ulnar 
styloid back into position. AVhen 
the fibrocartilage is displaced, the 
capsular fibers passing from it to 
the head of the ulna are torn. 
Healing of this torn eapsule results 
in adhesions and fibrosis, and a 
good deal of the joint space be- 
tween the articular disc and the 
head of the ulna may be oblit- 
erated. 

As a result of these changes, 
the triangular fibrocartilage can 
no longer glide freely to and fro 
on the head of the ulna during supination and pronation; and thus the limitation of 
supination and pronation and the associated pain are produced. Some degree of fibrosis 
may also extend directly between the radius at the site of the fracture and the lower end 
of the ulna, but this is not the main factor in causing limitation of rotation. 

Investigation of this problem was done first by taking arthrograms of the joint space 
between the head of the ulna and the fibrocartilage. Uroselectan w\as injected through a 
needle passed from the dorsum of the wn-ist, and the joint waas distended wuth the opaque 
medium. Figure 6 sho^vs the appearance in a patient who had 90 degrees of limitation of 
supination and 40 degrees of limitation of pronation, nine months after reduction of a 
Colles’s fracture. In all the cases of Colles’s fracture wdth limitation of rotation which 
were investigated, some degree of obliteration of this joint space could be demonstrated. 

Because the main displacement of the lower radial fragment is backward, it is to be 
expected that the anterior part of the capsule will be damaged more than the posterior 
part, and supination might be e.xpected to be more limited than pronation. Measurements 
showed that limitation of supination was usually twdee as great as limitation of pronation. 
The degree of limitation of supination and pronation is quite unpredictable. There ap- 
pears to be no relation between the degree of the original displacement and the extent of 
loss of rotation, nor does perfect reduction necessarily ensure a full return of rotation. 

Further study into the cause of limitation of rotation was done on twenty-four pa- 
tients subjected to operation, and the dissections confirmed what had been inferred from 
the arthrograms. In no instance was any arthritic change found in the cartilage of the 
lowmr end of the ulna. 

Fractures of the Head of the Radius 

Most fractures of the head of the radius produce no limitation of rotation. The ones 
which do are usually those with comminution or marked displacement, — in other words, 
those subjected to operation. There is no doubt that excision of the whole head is better 
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Pig. 6 Fig. 7 

Fig 6. Arthrogratn of lower radio-uInar joint in a case of old Colles’s fracture with marked 
limitation of pronation. 

Fig. 7: The upper roentgenogram shows a typical fracture of the head of the radius with dis- 
location of the elbow. The lower roentgenogram, taken a year after complete excision of the head, 
shows the new-bone formation on the antenor aspect of the neck. 

than excision of a fragment of the head of the radius. Even with careful excision of the 
whole head, most patients have varying degrees of limitation of rotation, and in many 
cases this loss is considerable. Some limitation of extension of the elbow also frequently 
results. 

The worst results occurred in those cases in which fracture of the head of the radius 
was associated with posterior dislocation of the elbow. There were seven such cases in this 
series. Closed reduction of the dislocation was done, and the head of the radius was then 
excised. In all cases a mass of callus formed on the anterior aspect of the neck and in- 
filtrated into the adjacent muscles (Fig. 7) ; there was consequently a sevei’e restriction of 
rotation, as well as of extension In the uncomplicated fractures of the head of the radius 
treated by excision, callus formation was singularly absent ; and any limitation of rotation 
which occurred was due to adhesions between the joint capsule and the raw bony surface 
of the neck. 

It has been rare to find any complaint of pain at the wrist due to damage to the 
articular disc, either before or after excision of the head of the radius; and while an injury 
to the fibrocartilage may occur, it is seldom of any clinical significance. 

Fractures of the Radius and Ulna at the Level of Attachment of the Interosseous Membrane 

Since the normal range of pronation is checked by the radius crossing over the ulna 
and compressing the deep flexor muscles between the two bones, anything encroaching 
upon this space, such as fibrous tissue, callus formation, or oedema and hemorrhage, 
will alter the compressibility of the flexor muscles and limit pronation. It is therefore to 
be e.xpected that, in all fractures of the middle third of the radius or ulna, some loss of 

\OL. 2S, NO. r, OCTOBER 134G 


742 


JAMES I’ATUICK 


pronation will ensue and will last for a considerable time after union has occurred. Assess- 
ment of the other factors limiting rotation is therefore based upon measurements of supi- 
nation rather than of pronation. 

Isolated Fractures of the Ulna 

Some degree of loss of rotation is present for a time after union of all ulnar fractures at 
the level of attachment of the interosseous membrane. Fibrosis or callus rarely extends far 
enough to involve the radius, and so limitation of rotation must be due to some other factor. 
The obvious cause is fixation of the adjacent interosseous membrane in the callus and 
fibrous tissue. Figure 8, A shows how this loss of rotation is brought about. The segment 
of interosseous membrane involved must tighten in suiiination and in pronation, and so 
restrict these movements. 

In actual practice, the restriction of rotation in isolated ulnar fractures is rarely per- 
manent; in most cases, a return to almost full rotation occurs. This is probably clue to the 

fact that isolated fractures of the ulna are usu- 
ally displaced very little; the articular-disc 
attachments and the ulnar styloid usually 
escape damage (see section on Isolated Frac- 
tures of the Radius) ; any limitation of rota- 
tion is not associated with much pain, and 
therefore the affected tissues are stretched by 
the patient’s constant efforts at rotation. 

Isolated Fractures of the Radius 

A. — A study of those cases shows that they 

may be divided into two distinct classes; 
Group 1 includes those with no loss of rotation 
(except for slight loss of pronation, as e.x- 
plaincd previously), and Group 2 includes 
those with definite loss of rotation. 

Figure 8, B shows that callus or fibrosis, 
extending into the interosseous membrane from 
the radius, cannot affect the range of rotation 
of the radius. What, then, is the explanation 
for the loss of rotation in the cases in Group 2? 
In those cases it is found that the attachments 
of the articular disc are torn. Upon forcing 
rotation, the patient complains of pain at the 
head of the ulna; the cause of the limitation of 
rotation is, in fact, precisely the same as in 
Colles’s fracture, — namely, adhesions, fibrosis, 
3?cid rotation is not shortening of the attachments between 

the triangular fibrocartilage and the ulna. The 
partial obliteration of the joint space between the triangular fibrocartilage and the head 
of the ulna ean be demonstrated readily by arthrogram (Fig. 9). In this arthrogram, done 
on a patient who had sustained a fracture of the mid-shaft of the radius, the partial 
obliteration of the joint space is apparent. A rupture of the articular disc, close to its 
radial attachment, had occurred; and the uroselectan may be seen, passing tlirough the 
gap into the wrist joint. This type of rupture of fibrocartilage is more common in fractures 
of the shaft of the radius than in Colles’s fractures, where fracture of the ulnar styloid is 
the usual associated injury. 

Isolated fractures of the shaft of the radius, with displacement, demand careful treat- 
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ment. Tliey are peculiarly apt to become redisplaced 
in ])laster, even when a perfect reduction has been ac- 
complished; and the reiUsplacement is accompanied 
by a dislocation at the inferior radio-ulnar joint, since 
the main ligament (the articular disc) holding the 
bones in relation to each other is often avulsed. Cer- 
tainly, where the fracture line in the radius is oblique, 
open operation and fixation of the fragments by an 
inert metal screw or a plate should be done. The opera- 
tion will cause some increase in the fibrous-tissue re- 
action around the fracture; but any further involve- 
ment of the interosseous membrane from the radial side 
will not affect the range of rotation. 

Fractures of the Shafts of the Radius and Ulna Above 
the Level of the Interosseous Membrane 

Tlicse fractures are rare, and there were onlj' 
seven in this series. In all, union occurred with mini- 
mum displacement; and, once the fractures had united, 
there was no loss of supination or pronation. The 
absence of anj" limitation of rotation appears to be 
related to the absence of the interrosscous membrane at this level, although the funda- 
mental factor probably is that at this level the inovement of the radius is almost entirely 
a rotary one around its axis, which lies mainly within the shaft. The radius in its upper 
third, therefore, does not swing around the ulna; and fibrous tissue or callus formation 
around the ulna will not affect supination or pronation, unless it extends so far as actually 
to bind the radius and ulna together. 

F ractures of Both Radius and Ulna 

Limitation of rotation is due to the summation of the factors present in fractures of 
the radius and ulna, respectively. The triangular fibrocartilage often escapes damage in 
double fractures of the forearm, so that the fractured ulna is the main cause of limitation 
of rotation. 

C.VSES IX WHICH AXGV1..VTI0X OB mSPI..VCEMEXT .ADDS TO THE LIMIT.VTIOX OF P.OTATIOX 

Lateral displacement is not veiy important, provided the alignment is good; but occa- 
sionally a considerable degree of lateral displacement of both bones maj^ contribute to the 
development of cross union (Tig. 10-.\) . 

Malalignment is a much more frequent cause of loss of rotation. The commonest error 
m reduction of a fracture of both bones of the forearm is failure to align the bones to their 
normal, anteriorly concave curve. Then, after union has occurred, there is an anterior 
projection of both bones when the forearm is in supination. In pronation, the radius ro- 
^ tates so that the abnormal projection now presses against the similar projection on the 
nlna, and hence marked limitation of pronation results. The same thing may occur in 
fractures of the radius alone, but of course the limitation of pronation is much more 
marked when both bones are angled. 

Rotational Displacement of the Fragments in Fracture of the Shaft of the Radius: X 
pure rotation movement of either the upper or lower fragment of the radius does not occur. 
The fragments can only move in their normal are around the ulna, although, in the case of 
the upper fragment, the purely rotaiy component is the main one. In the case of the lower 
fragment, the swinging bucket-handle movement is the major component. This being the 
‘ rase, it follows that, if there is a rotary displacement between the two fragments, the frag- , 
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Fig. 9 


.-Vrthrogram of the inferior radio- 
ulnar joint in a case of fracture of the 
mid-shaft of the radius. 
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Fig. 10-A Fig. lO-B 

Fig. 10-A: Roontgeuogiams show fractuie in good alignment, but lateral displacement has almost 
lesulted in cross union. 

Fig. 10-B: Same patient, tieated by Baldwin’s operation. 


ments will also be out of alignment. In practice, therefore, one has only to get the fragments 
of the radius in perfect alignment to be sure of correcting all rotary displacement. The 
old rule that in fractures above the insertion of tlie pronator teres the upper fragment is 
supinated by the biceps muscle, while fractures below this level have the upper fragment 
in a mid-position of rotation, appears to be generally correct. The only safe rule in reduc- 
tion, however, is to place the forearm in such a degree of rotation that exact alignment 
is secured. 


THE PREVENTION AND TREATMENT OF LOSS OF ROTATION 

Children never seem to develop permanent loss of rotation, provided a reasonably 
good closed reduction of the fracture has been obtained. Therefore the following remarks 
need only be considered as applying to adults. 

Fractures of the Head of the Radius 

The treatment is largely prophylactic. All patients with fractures of the head of the 
radius should practise full passive rotation, as well as active rotation, from the day of 
injury. Apart from this, the orthodox treatment is carried out, the elbow being held in 
flexion by a collar-and-cuff sling. 

As mentioned previously, it is the severe fractures, mainly those in which the whole 
head has had to be excised, in which marked limitation of rotation is apt to develop ; and 
early rotation should be carried out regularly in such cases. In the past five years, thirty- 
two cases of fracture of the head of the radius have been treated by excision of the whole 
head, and, with only a few exceptions, the performance of supination and pronation from 
the day after operation has resulted in an almost complete return of rotation. There has 
also been a marked improvement in the final range of extension at the elbow; and in almost 
all cases a full range of all elbow movements has resultedf The explanation of the final full 
range of extension probably is that adhesions which form between the capsule and the raw 
bony surface of the radius are kept long and lax by the early rotation, and so do not limit 
extension. The general rule — namely, that forced flexion and extension of an injured elbow 
« should be avoided — should probably be supplemented by the clause that active and passive 
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supination and pronatioii should be maintained from the day of injury, particularly in 
cases of fracture of the head of the radius. Even with early rotation, callus formation is 
singularly absent. 

The e.xccptional results occurred in seven patients in whom a mass of callus developed 
on the anterior surface of the neck of the radius; severe restriction of rotation resulted, as 
well as considerable loss of extension (Fig. 7). All were cases of comminuted fracture of 
the head of the radius, associated with posterior dislocation of the elbow, in which excision 
of the head was carried out after closed reduc- 
tion of the dislocation. Two of these patients 
performed no rotation exercises, while the 
others practised supination and pronation im- 
mediately after operation, but the final results 
were equally bad in all cases. The last two 
cases of fracture-dislocation were treated by 
closed reduction of the dislocation, followed 
by excision of the head five weeks later. This 
delayed excision of the head did not prevent 
the formation of a mass of callus, and the final 



results were no better than in those patients 
treated by immediate excision of the head. In 
four- of the cases, the mass of callus was finally 
excised at a second operation about six months 
afterw'ard, but improvement in function of the 
elbow joint was onlj’- moderate. 

Fractures 0 / the Shafts of the Radius and Ulna 

Open operation upon a fracture of the radius 
and ulna inevitably increases the soft-tissue 
damage and the reaction around the bone, and 



for this reason operation usually produces still a ' ). ll'lM f* 

further loss of rotation. Certain obliciue frac- H M|j ! '|tl : A. 

tures of the forearm bones, however, require 1 ',' ! : 

internal fixation if displacement is to be j', ' j j ■ 

avoided. As explained before, an excess of |j ' ! I ^ 

fibrous tissue or callus around a fracture of the 

radius will not affect rotation, apart from some 

inevitable loss of pronation; and so the author 

makes it a practice, whenever possible, to fix 

only the fracture of the radius. Usually, once pjg 21 

the fracture of the radius has been wmll reduced Diagrams to illustrate how angulation of a 
and plated, the fracture of the ulna is found to fracture of the radius and ulna can occur in 
bp velntlirQUr 1 r J.T c. i.- f xu plaster. The arrow indicates where the plaster 

DO 1 datively stable; and further fixation of the fs supported by a sling. 

forearm bones can be secured with plaster. 

Open manipulation of fracture of the ulna may result in an increase in callus and fibrous 
tissue around the fracture; and, unless absolutely necessary, operation upon the ulna 
should be avoided. 


One of the complications frequently encountered in dealing with forearm fractures is 
the angulation which often develops w^hile the well-set fractures of the radius and ulna are 
held in an unpadded plaster. The explanation of this apparentlj’’ anomalous development 
of deformity is simple. When the forearm is first set and fixed, the plaster fits the contours 
of the arm closely (Fig. 11, A) . Much of the weight of the plaster is taken by the collar- 
tind-cuff sling tied around the wrist, but the brachioradialis muscle also supports a good 
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deal of the weiglit. This muscle, however, which acts only upon the elbow joint, has no 
opportunity of contracting so long as the elbow is iininobilized; the muscle therefore atro- 
phies rapidly, and a space forms beneath the plaster, over the upper surface of the proximal 
half of the forearm (Tig. 11,5). The plaster cast then sags here and, as the distal frag- 
ments of the forearm bones are still firmly held — since they are surrounded mainly by 
tendons — angulation occurs (Fig. 1 1 , C') . The method of preventing this angidation is to 
incorporate a calico bandage in the last layer of plaster at a point just below the elbow 
joint; the calico bandage fixed at this level is the only suspension allowed. The author has 
employed this form of suspension in all cases of forearm fracture for the last three years, 
and has had no cases of angulation occurring under plaster during this time. The present 
universal method of suspending plasters for forearm fractures by means of collar-and-culf 
slings should bo completely abandoned. 

Cross Union 

Open operation on the radius and ulna is the commonest cause of cross union, and it is 
probable that at such operations the fault lies in unnecessary exposure of the interosseous 
aspect of the bones, as when the ends of the bones are made to extrude through the wound. 
Such a procedure is particularly apt to be followed by cross union in children, but fortu- 
nately successful closed manipulative reduction can almost always be done at this age. 

Complete bony cross union is rare, although a lesser degree of callus formation is more 
often encountered. Even without complete bony fusion, the rotation moAmment may be 
almost lost. 

Once cross union has become established, or a condition close to this has developed, 
what can be done? The cases most easily treated are those in which the cross union is in 
the lower third of the forearm. There the treatment simply consists in excision of one inch 
of the ulna, with its periosteum, at the site of the fracture, as well as the mass of callus be- 
tAveen the bones (Bakhvin’s operation) (Fig. 10-B). A full range of supination and prona- 
tion is obtained, although there is sometimes slight loss of gripping poAver. 

Where cross union has occurred in the middle third of the forearm bones — and this is 
the commonest site — treatment is much more difficult. The surgical treatment of such a 
condition at this IcAml is to excise one and one-half inches of the ulna, Avith the adjacent 
mass of callus and the surrounding periosteum. The mass of flexor and extensor muscles is 
then carefully sutured together to obliterate any dead space, and the Avound is closed. 
After a three-month inteiwal, Avhen roentgenograms shoAV no noAV callus formation, a 
Avhole-thickness fibular graft is inserted across the gap. Two patients haAm been treated 
by this method, and in each case a 75 per cent, range of rotation was regained. 

The rationale of this treatment can be understood by considering Figures 8, A and 8,5. 
Obviously, it is the mass of callus around the ulna Avhich must be remoA’ed. The operation, 
if performed successfully, produces a condition in Avhich the remaining callus around the 
radius leaves rotation quite unaffected, provided a supple membranous scar takes the 
place of the mass of callus around the ulna. 

Colies’s Fracture 

It is unusual for a severe permanent limitation of rotation to deA^elop in a patient Avith 
Colies ’s fracture, but sometimes this does occur and demands treatment. Forced passiA^e 
moA^ements and other forms of physiotherapy seem to have little effect, and forced manipu- 
lation under anaesthesia usually causes a spiral fracture of the lower third of the ulna. 

Excision of the head and neck of the ulna, AA'ith its periosteum, has proA'cd an easy and 
reliable Avay to recover full rotation in such cases. The bone is exposed through a postero- 
medial incision, and the dissection is done extraperiosteally with a scalpel. The ulna is 
divided one inch aboA'e the AAU’ist joint Avith bone shears, and the head of the ulna is dissected 
off the adherent triangular fibrocartilage, starting from the radial side. The triangular 
fibvocartilage and the ununited ulnar styloid are left in sihi, so that the Avrist joint is not 
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opened. The removal of the periosteum ensures the absence of any new-bone formation. 
Both active and passive rotation are practised from the da\’ after operation. The immedi- 
ate result is an increase in the limitation of supination and pronation, which mav' persist 
for as Iona as six weeks. Thereafter a full range of supination and pronation rapidly de- 
velops. The results of this operation are particularlj' gratifying to those patients in whom 
impaction of the fracture and an ugly projecting ulnar head had been present, as well as 
the loss of rotation. After the postoperative swelling has subsided, the appearance of the 
wrist is only slightly different from normal. The tendon of the extensor carpi ulnaris pre- 
vents the appearance of a hollow. 

Twenty-four such operations have been done in the past four years, — nearly all in 
females. Twenty of the patients were discharged without any complaint of disability 
and with full supination and pronation. The other four patients either had slight limita- 
tion of rotation, or had a sense of weakness in the wrist during such actions as cariying 
a shovelful of coal or lifting down a heavy pot from a shelf; but even in these cases the 
return of rotation was well worth the slight weakness which ensued. 


LOSS OF ROT.VTIOX DUE TO C.VUSES OTHER TH.VX FRACTLRES 

Volkmann’s Contracture 

In this condition the fle.xor muscles are replaced bj' a mass of fibrous tissue. As this 
fibrous tissue contracts, the forearm is pulled into pronation and all power of supination is 


lost. Little attention seems to have been paid 
to this pronation deformity, and in severe cases 
of Volkmann’s contracture it is of little im- 
portance. In the mild cases, however, physio- 
therapy should be directed toward preventing 
this permanent pronation deformity, as well as 
toward stretching the flexor tendons. 

Loss of Rotation in Paralytic and Spastic 
States 

In Erb’s paralysis, supination of the fore- 
arm is lost to a certain extent. When a patient 
13 seen several years after the birth injury', one 
may find that the degree of residual paralysis 
is onlj" slight; and certainly the power of the 
biceps often appears ample to effect supina- 
tion. The cause of the loss of supination is to 
be found in a study of the curvature of the 
ulna. In infancy, the child, finding supination 
difficult, does not perform this movement; and 
so the traction effect of the interosseous mem- 
brane, in causing the interosseous edge of the 
ulna to mold itself along the axis of rotation of 
the radius (Fig. 2), is absent. The ulna be- 
comes curved, so that its interosseous border 
lies in front of the axis of rotation of the radius. 
In later jmars, when supination is attempted, 
the position of the interosseous border of the 
ulna in relation to the axis of rotation of the 
I'adius results in the membrane becoming taut, 
unci in this way supination is permanently re- 
stricted. 



Fig. 12-A 


Roentgenograms of forearm bones in patient 
\cath spastic paralysis of the right arm, present 
since birth. Supination was almost lost (see Fig. 
12-B). Note how the axis of rotation of the 
radius de\ lates from the line of the mtorosseous 
ndge of the ulna. 
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Fio. 12-B Fig. 12-C 


Fig. 12-B: Patient with mild spastic paialj'sis of light aim and loss of supination since birth. 

Fig. 12-C: Range of supination six months after excision of the head of the ulna. 

A similar alteration in the curvature of the shaft of the ulna may develop in cases of 
mild spastic paralysis of the upper limb (Fig. 12-A) or in infantile paralysis; and in later 
years this abnormal ulnar curvature will prevent successful coopei'ative attempts at 
rotation. 

When the rotator muscles of the forearm are strong and controlled^ considerable im- 
provement in the range of rotation can be obtained by performing an osteotomy of the 
upper third of the ulna, and realigning the shaft so that the interosseous border conforms 
to the axis of rotation of the radius. This realignment is obtained simply by forcing the 
forearm into full supination or pronation after osteotomy, and fixing it in plaster until 
union is sound; the interosseous membrane thereby pulls the ulna into the necessary 
alignment. 

The author has done this only twice; others, including Blount^, have done it fre- 
quently, but they have been under the impression that a rotation osteotomy of the ulna 
had been done. A study of the roentgenograms, however, shows that, whether or not rota- 
tion of the ulna was effected, a very good realignment of the interosseous border of the 
ulna along the axis of rotation of the radius was made; the improved rotation was unwit- 
tingly caused by the realignment of the ulna, and was not due to rotation osteotomy. 

In the past, limitation of supination has frequently been ascribed to spasm or con- 
tracture of the pronator teres ; and tenotomy of that muscle has often been done without 
any obvious improvement in the supination range. An alternative to osteotomy and re- 
alignment of the ulna in such cases is to excise the head and neck of the ulna. When this 
has been done, the ulna can swing toward the radius when the interosseous membrane 
tends to tighten; and so the main factor limiting supination is abolished and an increased 
range of supination results. Two cases of spastic hemiplegia, present since birth, have 
been treated in this way; and in both an almost full range of rotation has resulted (Figs. 
12-B and 12-C) . 

1. Blount, W. P.; Osteoclasis for Supination Deformities in Children. J. Bone and Joint Surg, 22: 

300-314, Apr. 1940. 
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END RESULTS OF BONE-GRAFTING FOR NON-UNION OF 
THE CARPAL NAVICULAR 

BY GOUDOX MUBRAY, M.D., TOROXTO, ONTARIO, CANADA 

It is now sixteen years since the first bone-grafting of the carpal navicular by this 
particular incthocH was carried out. The purpose of this presentation is to report the 
results of 100 such bone grafts for non-union of fractures of the navicular. 

A further report on this procedure was thought advisable for two reasons: 

1. The procedure has given excellent results, with good function of the wrist, in the 
vast majority of cases. 

2. During World War II there have been several reports, especially from the Canadian 
militaiy surgeons, on the results of bone-grafting; in most instances the reports were not 
favorable. After reading these reports and talking with several of the surgeons, the author 
believes that there are reasons why the results of these operations were not satisfactory. 

In the first place, many of the operations were performed by men who had not seen 
the procedure carried out, and who were doing the operation for the first time. The opera- 
tions were done by different operators, and iiiany of the surgeons had not done more than 
one or two of the total series reported. 

The second factor which may contribute to a failure is that an insufficiently large 
graft has been used. In one case not reported in this series, another operator had done a 
bone graft; he placed the graft in good position, but used a small piece of bone, — smaller 
than the size of a match. 

From experience with the operation, the author believes that certain principles must 
be followed to obtain the best results. 

1. The bone graft must be large. In other words, the drill which makes the hole must 
cut away a large proportion of the face of the fracture surface in both fragments. Villen 
this has been done and a large graft has been inserted to take its place, the surrounding 
bone becomes calcified and ossified and the union is satisfactor}^ 

2. The graft must be well placed so that it goes through the distal fragment, across 
the fracture line, and well into the proximal fragment, so that there is no doubt regarding 
the contact of the graft with the proximal fragment. 

3. The drill hole must not be so large that it cuts through the articular cartilage and 
bursts into any of the surrounding articulations. 

4. After the bone graft has been placed in position, the final procedure must be to 
drive the distal fragment down firmly so that it is impacted against the proximal fragment; 
the graft must fit tightly enough to hold the fragments firmly in apposition. 

5. There must be adequate splinting of the wrist, including all metacarpals and the 
proximal phalanges, or probably both phalanges of the thumb, so that the vuist and the 
first metacarpal are completely immobilized. This should be continued for a minimum of 
ten weeks and, where there is de\dtalization of the proximal fragment, for a much longer pe- 
riod. This time can be determined by the roentgenographic appearance of revascularization 
of the pro.ximal fragment. 

6. Splinting must be continued until there is roentgenographic evidence of union of 
the fracture. The graft must be united to both fragments, and the fracture line surround- 
ing the graft must show trabeculae crossing it. 

The question arises of whether cortical bone from the tibia, or cancellous bone from 
the ilium or elsewhere, should be used. In all the cases in this series, cortical bone — usually 
from the tibia — has been used, for the following reasons: 

Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia, 
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Fig. 1-A Fig. 1-B Fig. 1-C 


Fig. 1-A: J. K., Ca.''C 11. Shows non-union of a fiiiclnic tlirongh tlic wai.st of t!ie navicular of 
one 3 ’car’s duration. Some artliritic changca aie prc.-'Cnt in the wrist joint, as indicated by an elon- 
gation of the stjdoul iirocess of the radius. In spite of this, Ijone-grafting was umlei taken. 

Fig. 1-B: Shows the graft in iiosition, with beginning union of the giaft to both fragments and 
union of the fiactuie. 

Fig. 1-C‘ Shows the result after four j’oais. The arthiitic changes have not incieased. The graft 
has united solidl 3 '. The fiacture line has disappeared and the end result is good. Tin’s patient has 
an excellent range of motion; the functional result is estimated at SS per cent. 

1. The strong, heavy Ixine cun be chiseled into the proper shajic, and it can be driven 
in firmly and handled without breaking into pieces. 

2. It maintains its strength, even with firm impaction of the fragments. 

3. In this series of cases, the bone has proved sufficiently osteogenic to do its work. 
While cancellous bone may have bettor properties in this respect, still the results here 
justify the procedure. Cancellous bone might cft'ect an earlier union of the fracture, but 
the stability and other qualities of the cortical bone produce results which are difficult to 
obtain with the cancellous bone. 



Fig. 2-A Fig. 2-B 

Fig. 2-A: K. L., Case 21. Shows ununited fracture of navicular of seven months’ duration. 
There is aseptic neciosis of the pioximal fragment, but no arthritic or degenerative changes aie 
present in the wrist joint. , 

Fig. 2-B : Shows the result six months after bone-grafting. The fracture has united, and tlie 
graft has united to both fragments. The proximal fiagment still shows aseptic necrosis, as does 
the adjacent lunate bone. Revascularization of the pioximal fragment can be e.xpected to occur 
as the months pass. 
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RESULTS 

Out of 100 eases inelialed in tliis rciK)rt, bonj' union occurred in ninetj'--six, and the 
function in all of these was very satisfactory. In some patients the range of motion was 
100 per cent, in all directions, without any disability or discomfort. In some of the others, 



Fig. 3-.\ Fig 3-B 


Fig. 3-.A.: F. D, Case 13. Shows a mid-carpal dislocation, with fracture of the naiicular 
Fig 3-B: Open reduction has been performed Roentgenogiam shows a good reposition of the 
dislocated carpal bones, with a bone graft in the naxiculai Tne proMinal fragment of the naMcular 
shows maiked aseptic necrosis. 



Fig 3-C Fig 3-D 

Fig 3-C‘ Shows beginning union of fracture after operation, with the graft united to both frag- 
ments. The proMmal fragment, howe^er, shows markedly increased density, indicating a.'eptic 
necrosis 

Fig. 3-D: End result after bone graft for dislocation of raid-carpal joint, thirteen years after the 
Opel ation for reduction. The navicular has united solidly The area of aseptic necrosis in the 
proximal fragment has become completely re\ asculanzed Xo arthntic changes are present m the 
joint. The patient has an excellent range of motion; he has returned to heaiw laboring work and 
lias continued at it for thirteen years 
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TABLE I 


Data on 100 Casus ou Bone-Guakting eok Non-Union of the Carpal. Navicular* 


No 

Patient 

Ago 

Duration 

of 

Fracture 

Before 

Opera- 

tion 

Previous 

Treat- 

ment 

Time 
Since 
Opera- 
tion 
( Years] 

Duratioi 

of 

Fixatior 

After 

1 Opera- 
tion 

j Time 
Between 
, Operatior 
‘ and 

Return 
to Work 
(Months) 

1 

Union 

Degre 

of 

Func- 

tion 

(Per 

cent.) 

e 

Remarks 

1 

B.S. 

31 

6 mos. 

Missed 

16 

12 wks. 

41 

Yes 

98 


2 

F.S. 

20 

3i mos. 

Missed 

15 

12 wks. 

31 

Yes 



3 

W.M. 

28 

21 mos. 

Missed 

15 

12 wks. 

5 

Yes 

95 


4 

M.S. 

30 

4 mos. 

Missed 

14 

13 wks. 

5.1 

Yes 

95 


5 

G.tl. 

21 

3 mos. 

Missed 

14 

Few claj'f 

> 3 wks. 

No 



6 

K.G. 

23 

14 mos. 

Missed 

9 

12 wks. 

7 

Yes 

75 


7 

G.G. 

42 

2yrs. 

Missed 

8 

14 wks. 

8 

Yes 

80 


8 

E.R. 

38 

6 mos. 

Plaster, 

6 wks. 

4 

121 wks. 

51 

Yes 

90 


9 

N.B. 

28 

2i yrs. 

None 

4 

11 wks. 

8 

Yes 

75 


10 

G.R. 

30 

6 mos. 

None 

3 

121 wks. 

61 

Yes 

85 


11 

J.K. 

28 

1 yr. 

None 

4 

13 wks. 

71 

Yes 

88 


12 

R.A. 

31 

5 mos. 

Plaster, 

2 mos. 

3 

32 wks. 

9.1 

Yes 

75 

Aseptic necrosis, prox- 
imal fragment. 

13 

T.M. 

38 

8 wks. 

Plaster, 

8 wks. 

3 

161 wks. 

SI 

Yes 

68 

1 

Mid-carpal dislocation 
and fractured navic- 
ular. 

14 

A.W. 

32 

Previous 

non- 

union 

Bone graft 
by 

Dr.H.M. 

3 

20 wks. 

61 

Yes 

72 

Previous bone graft 
for non-union. 

15 

J.G. 

26 

21 yrs. 

Plaster, 

8 wks. 

3 

1 1 wks. 

3] j 

Yes 

93 

Some cystic changes in 
both fragments. 

16 

A.H. 

41 

6 mos. 

Plaster 

2 

12 wks. 

4 

Yes 

95 


17 

R.J. 

38 

11 yrs. 

Missed 

2 

16 wks. 

5 

Yes 

88 

Severely comminuted 
fracture. 

18 

M.B. 

40 

2 mos. 

Plaster, 

2 mos. 

21 

12 wks. 

5 

Yes 

90 

19 

F.C. 

32 

5 mos. 

Missed 

2 

13 wks. 

5.1 

Yes 

88 

'Aseptic necrosis, prox- 
imal fragment. 

20 

H.J.C. 

29 

5 mos. 

None 

2 

14 wks. 

5 

Yes 

92 

21 

K.L. 

19 

7 mos. 

Plaster, 

2 mos. 

2 

16 wks. 

6 

Yes 

SO 

Aseptic necrosis of lu- 
nate bone. 

22 

A.B. 

46 

4 yrs. 

None 

2 

20 wks. 


No 

' 

Aseptic necrosis, prox- 
imal fragment. Other 
arm missing. 

23 

C.R. 

20 

1 yr. 

None 

2 

12 wks. 

41 

Yes 

96 


24 

J.P. 

19 

IJ yrs. 

Missed 

11 

13 wks. 

61 

Yes 

95 

Moderate arthritis 
present. 

25 

Dr.K. 

42 

10 yrs. 

None 

11 

14 wks. 

61 

Yes 

65 

26 

H.S. 

32 

2 yrs. 

Splints 

1 

4 mos. 

9 

Yes 

94 

Aseptic necrosis of 
proximal _ fragment; 
revascularized. 

27 

J.B. 

26 

11 yrs. 

Splints 

2 

6 mos. 

13 

No 

- 

Aseptic necrosis of 
both fragments; fi- 
nally fusion of wrist. 

28 

W.P. 

31 

3 yrs. 

Missed 

3 

5 mos. 

7 

Yes 

82 

Moderate cystic de- 
generation. 

29 

R.S. 

17 

3 wks. 

Splints 

1 

4 mos. 

6 

Yes 

75 ] 

Vlid-carpal dislocation 
also. , 

30 

A.B. 

22 

4 mos. 

Missed 

1 

4 mos. 

7 

Yes 

90 ] 

Plus fracture, head ot 
radius. 

31 

C.R. 

25 

5 yrs. 

None 

1} 

4-} mos. 

7.} 

Yes 

84 I 

Moderate aseptic ne- ' 
crosis, proximal frag- 
ment. 

32 

A.B. 

32 

5 mos. 

Splints 

9 

3 mos. 

4 

Yes 

97 


33 

B.H. 

19 

liyrs. 

Splints 

8 

11 wks. 

3J 

Yes 

99 


34 

G.F. 

21 

4 mos. 

None 

6 

3 mos. 

4.} 

Yes 

99 


35 

T.G. 

18 

44 mos. 

None 

8 

34 mos. 

5 

Yes 

96 


36 

M.G. 

22 

31 mos. 

None 

12 

3 mos. 

4i 

Yes 

98 


37 

L.L. 

28 

6 mos. 

Missed 

12 

3J mos. 

5 

Yes 

95 


38 

G.L. 

21 

3 mos. 

Missed 

11 

3 mos. 

4 

Yes 

98 


39 

S.R. 

26 

6 mos. 

None 

11 

3 mos. 

4J 

Yes 

92 


40 

N.S. 

28 

7 mos. 

None 

10 

34 mos. 

5^ 

Yes 

92 


41 

G.E. 

27 

10 mos. 

Splints 

9 

4 mos. 

61 

Yes 

94 




* With the exception of Case 9, all the patients in this series were males. 
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TABLE I {Continued) 


io. P 

'atient .' 

I 

Vgo ' 

Duration 

of 

Fracture 

Before 

Opera- 

tion 

Previous 

Treat- 

ment 

Time 
Since 
Opera- 
tion 
( Years) 

Duration 

of 

Fi.xation 

After 

Opera- 

tion 

Time 
Between 
Operation 
and 
Return 
to Work 
(Months) 

Union 

Degree 

of 

Func- 

tion 

(Per 

cent.) 

“f 

42 

MI. 

38 

3 mos. 

None 

7 

3 mos. 


1 Yes 

96 

43 

FD. 

32 

1 mo. 

Splints 

13 

4 mos. 

! 9 

1 

j Yes 

90 

44 

G.M. 

36 

6 mos. 

None 

7 

5 mos. 

8 

i Yes 

81 

1 

45 

J.G. 

30 

31 mos. 

None 

11 

8 wks. 

3 

\ es 

S 97 

46 

A.M. 

22 

4 mos. 

None 

9 

1 10 wks. 

4 

Yes 

1 98 

47 

H.K. 

35 

6 mos. 

Splints 

9 

j 3 mos. 

51 

Yes 

1 90 

48 

T.T. 

28 

5 mos. 

None 

C 

' 3 mos. 

41 

Yes 

92 

49 

A.T. 

41 

41 mos. 

None 

' 9 

31 mos. 

6 

Yes 

‘ 93 

SO 

H.T. 1 

50 

4 mos. 

None 

10 

31 mos. 

5 

Yes 

90 

51 

H.F. 

17 

3 mos. 

Splints 

8 

3 mos. 

41 

Yes 

97 

52 

J.F. ! 

26 

4 mos. 

Splints 

1 9 

31 mos. 

5 

Yes 

[ 02 

53 

F.A. , 

24 

5 mos. 

None 

8 

3 mos. 

5 

Yes 

96 

54 

FI. j 

42 

3 mos. 

None 

7 

31 mos. 

5 

\ es 

92 

55 

S.B. ! 

39 

8 mos. 

Missed 

11 

4 mos. 

51 

Yes 

^ 8/ 

56 

G.F. 

41 

31 mos. 

None 

9 

3 mos. 

41 

Yes 

92 

57 

L.R. 1 

21 

6 mos. 

None 

‘ 5 

3 mos 

6 

Yes 

SO 

58 

M.G. 1 

19 

4 mos. 

None 

11 

21 mos. 

4 

\ es 

98 

59 

A.G. 1 

39 

11 mos. 

None 

: 6 

5 mos. 

5 

Yes 

92 

60 

P.R. ' 

31 

6 mos. 

None 

1 12 

3 mos. 

5 

, Yes 

94 

61 

GD. 

24 

7 mos. 

Splints 

1 4 

31 mos. 

41 

Yes 

90 

62 

IX. 

25 

3 mos. 

Splints 

1 5 

3 mos. 

5 

Yes 

* 91 

63 

S.M. i 

29 

13 mos. 

Splints 

, 7 

41 mos. 

6 

, Yes 

84 

1 

64 

M.H. i 

39 

21 mos. 

None 

1 8 

3 mos. 

4 

\ es 

98 

65 

L.C. ! 

46 

1 

4 mos. 

Splints 

i 9 

3 mos. 

, -11 

Yes 

94 

66 

G.C. 

1 35 

2 yrs. 

None 

7 

31 mos. 

6 

Yes 

94 

67 

AB. 

1 29 1 

4 mos. 

None 

' 10 

3 mos. 

' 41 

Yes 

95 

68 

A.M. 

42 

6 mos. 

None 

11 

3 mos. 

' 5 

' Yes 

' 96 

69 

L.C. 

41 

7 mos. 

Splints 

1 10 

31 mos. 

41 

I Yes 

89 

70 

MJ. 

30 

3 mos. 

Splints 

12 

3 mos. 

1 5 

Yes 


71 

S.F. 

20 

1 yr. 

None 

1 6 

3 mos. 

1 5 


I GO 

72 

KX. 

34 

6 mos. 

None 

8 

31 mos. 

1 6 

lYp.sanr! 

1 9' 









no 

1 

73 

J.H. 

1 IS 

3 mos. 

None 

' 11 

3 mos. 

41 

, Ypi 

1 99 

74 

C.M. 

i 40 

1 JT. 

None 

6 

4 mos. 

6 

1 Ye- 

j 90 

75 

R.1M. 

28 

4 mos. 

None 

' 5 

3 mos. 

41 

A’es 

94 

76 

A.W. 

1 34 

3 mos. 

Bone- 

! 5 

81 mo«. 

6 

A'e- 

, 90 



i 


grafting 

1 


1 



77 

L.S. 

' 50 

6 mos. 

Splints 

1 

o 

3 mos. 

e . 

A'es 

, 88 

78 

G_A. 

21 

3 mos. 

None 

1 10 

3i mos. 

6 

A’es 

91 

79 

F.A. 

1 32 

4 mos. 

None 

! 4 

21 mos 

4 

Y'es 

95 

so 

LR. 

! 40 

5 mos. 

None 

6 

3 mos 

4 

Y'es 

98 

81 

ES. 

1 29 

8 mos. 

Missed 

9 

31 mos 

1 5i 

Y'es 

95 

82 

M.L. 

' 31 

4 mos. 

None 

11 

3 mos. 

41 

Y'es 

92 

83 

A.N. 

j 35 

7 mos. 

None 

7 

31 mos. 

5 

Y>s 

94 

84 

A.W. 

i 38 

5 mos. 

None 

' 11 

3 mos. 

6 

Y es 

95 

85 

N.D. 

1 41 

9 mos. 

None 

13 

4 mos. 

6 

Y es 

91 

86 

D.H. 

24 

11 mos. 

None 

1 4 

j 31 mos. 

51 

1 Y es 

89 

87 

f.d. 

29 

3 mos. 

None 

1 

1 ^ 

3 mos. 

: 6 

Y'es 

; 92 

88 

S.E. 

40 

4 mos. 

None 

1 11 

31 mos. 

41 

Y>3 

; 94 

89 

M.G. 

28 

8 mos. 

None 

1 0 

1 3 mos. 

' 5 

Y'es 

1 95 

90 

A.K. 

31 

3 mos. 

None 

' 7 

1 3 mos. 

1 41 

Y'es 

i 9-1 

91 

f.l. 

1 34 

4 mos. 

None i 

6 

3 mos. 

5 

' Y'es 

! 96 

92 

J.O. 

1 ‘12 

5 mos. 

Missed 

7 

[ 3 mos. 

1 4 

Y'es 

1 92 

93 

M.O. 

1 22 

3 mos. 

Missed 

' 3 

3 mos 

4 

Y'es 

i 98 

94 

J 

1 29 

2 yrs. 

Missed 

, 3 

4 mos. 6 

Y^es 

92 

95 

' O.S. 

46 

1 yr. 

Missed 

4 

31 mos, , 51 

Y'es 

' 94 

96 

' J.B. 

36 

‘ 1 mo. 

Splints 

, 6 

31 mos 

■1 " 

Yes 

' 86 

J7 

M.P. 

26 

' 4 mos. 

Splints 

4 

‘ 3 mos 

4 

Y'es 

94 

9S 

' J.M. 

25 

' 5 mos. 

None 

6 

3 mos 

41 

Y'es 

1 95 

1 rif 

^ F.N. 

20 

' 3 mos. 

None 

7 

, 3 mos 

, 4 

Y'es 

, 95 

IOC 

1 J.isr. 

39 

' 15 mos. 

Splints 

7 

1 

1 4 mos 

■ 51 

Y'es 

1 92 


Remarks 


iVIid-carpal dislocation 
and aseptic necrosis. 
.Aseptic necrosis, prox- 
imal fragment. 


.Aseptic netro.-is, prox- 
! imal fragment. 

.Aseptic necrosis, pro.x- 
I imal fragment. 


.Aseptic necrosis. 
Non-union; regrafted 
and united. 


Previous bone graft 
I failed. 


^Aseptic necrosis. 
'.Aseptic necrosis. 

^Aseptic necrosis. 


I Mid-carpal dislocation. 

I 


Fig. 4-A Fig. 4-B 

Fig. 4-A: F. S., CabO 2. Uniiiiitcd Iractuic at the junction of tlie i)ro.\iinaI and middle thirds of 
the navicular. 

Fig. 4-B: Bone graft in position after opeialion. 



Fig. 4-C Fig. 4-D 


Fig. 4-C: Shows union of the fracture. 

Fig. 4-D: Roentgenogram of end result, sixteen yeais after bone-guifting, shows solid union of 
the fracture. The graft is still visible. The bone is viable thioiighout. Theie is no arthritis in the 
wrist joint and no degenerative change as a icsult of either the fracture or the bone-grafting. 

where there had been prolonged non-union and where a doubtful amount of arthritis was 
present in the wrist, the range of motion did not return to normal. However, the range of 
motion was useful and painless, and was sufficient so that the patients were able to return 
to their original work without discomfort or disability. 

Of the four cases of non-union, one occurred in a boy of not very high intelligence, 
who removed his plaster and went back to heavy work using his wrist within three weeks 
of his operation. He reported a year later, with the graft fractured and complete non-union 
of his navicular. Roentgenograms of this patient’s wrist could not be obtained. 

The next case of non-union was in a patient in whom the graft had not been placed 
sufficiently far across the fracture line and into the proximal fragment to provide the con- 
ditions already enumerated. This resulted in non-union. The patient was operated upon 
at a later date, another graft was placed across this area, and solid union occurred with 
a good functional result in the wrist. 

The third patient had had an amputation of one arm, and had a fracture with non- 
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union of the navicular in his remaining arm. Unfortunately, fairl}”^ marked arthritis was 
present in the wrist joint. Aseptic necrosis of the proximal fragment, with marked cystic 
degeneration, extended widely from the fracture surfaces of both fragments. Under ordi- 
nary circumstances, this bone would be considered unsuitable for grafting. Since the 
patient had only one hand, however, it was thought that an attempt should be made to 
improve the function of his wrist. For that reason, the operation was undertaken. Eventu- 
ally non-union resulted. It is possible that, throughout his convalescence, the patient used 
this hand for all the necessary functions of life, and his thumb and the remainder of his 
hand and wrist may not have been given the necessaiy rest period for solidification of the 
fracture. Ultimately the navicular was excised, because of the pain and disability in 
the wrist. 

The fourth patient had lack of apposition of the fragments. 

The contra-indications for operation for non-union of the navicular are as follows: 

1. Practically all early fractures, if splinted adequately, will unite, so that bone- 
grafting for recent fractures is not a necessity. 

2. In fractures in which the non-union has existed for such a length of time that there 
is arthritis in the wrist, disappearance of the articular cartilage between the navicular and 
the radius, or elongation of the styloid process of the radius, grafting should not be done 
because, even though the bone should unite solidl 3 q the disability due to the arthritis in 
the wrist will not be corrected. 

The presence of aseptic necrosis of the proximal fragment is not a contra-indication, 
but is an absolute indication, for bone-grafting, provided generalized arthritic changes are 
not present in the wrist. With grafting, the devitalized fragment becomes revascularized 
and the fracture unites in most cases. 

One essential reason for doing a bone graft in non-union of fracture of the navicular 
is that, if the non-union continues for a long period of time, arthritis of the wrist joint 
develops. This is a bad permanent disability which, when it has reached a late stage, can 
be overcome and the disability lessened only bj' an artlrrodesis of the wrist. The fact that 
there are people with non-union of the navicular who say that thej’’ have no disability and 
that thej' use their wrists actively is no proof that, as further time elapses, arthritis will 
not develop in the wrist, with consequent disability. The fact that these fractures will 
unite, and that the navicular bones will remain healthj' and continue to function for as long 
as sixteen j^ears, is adequate evidence that this is a good standard procedure; and, if the 
rules are followed carefully, good results can be expected. 

COXCLUSIOXS 

1. Of 100 cases of bone-grafting for non-union of the carpal navicular, bonj' union 
was obtained in ninety-six. The functional results were excellent. 

2. The grafted navicular had a healthy appearance bj’- roentgenogram as long as 
sixteen j^ears after the operation. 

1- iMuRR.\Y, Gordon; Bone-Graft for Non-Union of the Carpal Scaphoid. British J. Surg.. 22: 63-€8. 

1934-35. 


DISCUSSION 

Dr. Robert I. H.wris, Toronto, Ontario, C.XN.w.r; As a colleague and friend of Gordon Murray, 
and one who has been intimately associated with him in fracture work in the General Hospital. I have 
lollowed with interest the inception and development of his idea of treating non-union of tlie carpal 
navicular by bone-gi-afting. Perhaps the most suitable contribution I can make to this di-ciis^ion is to 
state that the operation is of value and the results are good. 

I should like to emphasize a point which Dr. Murray made, — namely, that it is neccs-aiy to exercise 
selection in the cases in which bone-grafting is to be undertaken. If displacement of the fragments is of 
long standing and if there are arthritic changes, the results will not be entirely satisfactoiy even tliough 
union is secured, because the patient is still left with an osteo-arthritis, resulting from the fracture into 
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the avticular suvfacc. In'cgularity of the articular surface remains, and this will produce disability in 
spite of union of the fragments. 

An interesting and valuable item in the improvement in our management of fractures of the carpal 
navicular, which has come from Dr. Murray’s contribution, lias been the attention we now pay to the 
fresh fracture. The value of this has been accentuated by the c.'cperience gained in the Canadian Army, 
where facilities existed for developing a policy in the management of injuries to the wrist, influenced by 
a knowledge of fracture of the carpal navicular. It was ea.sy to demonstrate, as I know it has been in 
the American Army, that this is a common fracture in the young male, and that it is frequently over- 
looked and misdiagnosed as a sprain. Only if we appreciate that this is a common fracture, which may 
not present obvious evidence of fracture, will we be alert and insist upon the use of roentgenograms for 
injuries of the wrist. 

A word as to the management of the late cases which arc still painful because of osteo-arthritis; In 
my experience, arthrodesis of the wrist joint gives the bc.-5t result, particularly if the patient has to use his 
hand for heavy work. 

Du. Edwin F. Cavu, Boston, MASs.vcnusivrxs; I am very glad indeed to have heard Dr. Murray 
read his paper on bone grafts for non-union of the carpal navicular. He has just reminded mo that he 
read a paper before this Association on the same subject, twelve years ago. At that time he had a much 
smaller group of cases, but now I feel quite certain that his series is larger than any which has been 
followed with end-result studies. 

I am a firm believer in the operation; but feel, as docs Dr. Murray, that our cases should be selected 
carefully. Certainly the graft should not be introduced if there is arthritis to any degree, because, even 
though union of the fragments might be produced, sj'mptoms in tlic wrist will continue. Also, I doubt 
the wisdom of attempting to graft in cases of fracture witli a very small proximal fragment, which 
appears dead by roentgenogram. Possibly this type of case would be treated best cither by excision of 
the small proximal fragment, or by grafting the navicular to the lunate bone. Grafting the carpal 
navicular is not an easy procedure, and it should not be undertaken by a surgeon who does not have a 
thorough knowledge of the anatomy of the carpus. He should be able to interpret roentgenograms of 
the carpus taken in various positions, — namely, anteroposterior in ulnar deviation, anteroposterior with 
the fist closed, oblique views, and lateral views. Roentgenograms of the normal wrist should always be 
taken for comparison. It is generally agreed that, if fractures of the navicular are diagnosed and treated 
early with prolonged immobilization, union can be expected in a high percentage of the cases. If at the 
end of four months, however, there is not evidence of bony union by roentgenogram, then I believe that 
the graft should be undertaken. Also, in cases which have not been diagnosed early and which have been 
neglected, grafting should probably be done, rather than immobilizing without the graft. 

A few words about the technique of the operation; We have used the curved radial approach, and 
have inserted the drill and graft under roentgenographic control. We do not use the fluoroscope. To date 
we have used the tibia as the source of the graft and have removed the graft with the motor saw, taking 
the full thickness of the cortex, approximately three-eighths of an inch wide and four and one-half inches 
long. The end of this graft can be shaped to the proper size, and it can be held by the larger end as it is 
inserted into the navicular. Finally, it is cut off with a rongeur. 

Dr. Murray is to be congratulated on his excellent operative results in a large series of cases. I 
doubt if anyone else can report 96 per cent, of bony union. 
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AN OPERATION FOR NON-UNION OF FRACTURES OF 
THE CARPAL NAVICULAR 


BY MILTOX C. COBEY, M.D., WASHINGTON, D. C., 

AND RICHARD K. WHITE, M.D., PHILADELPHLA, PENNSYLVANIA 

From tlic relative increase in the number of discussions on fractures of the carpal 
lavicular reported in the literature, it may readily be presumed that there is an increase 
n the frequency of recognition of this fracture. This is predominantly borne out in mili- 
;ary life, where one is apt to find a direct reversal of the usual ratio of ten Colles’s fractures 
:o one navicular fracture. This has been e.xplained on the basis that an active young man 
lias a strong supporting musculature, which prevents hyperextension of the wrist. The 
mechanism of this fracture can be justified on the following hypothesis: When hj'per- 
Bxtension is prevented, the force is transmitted upward from the palm of the hand; the 
aavicular is then jammed between the capitate bone and the radius. This force on the 
carpal navicular is one of compression and torsion at the waist. The concave surface of 
the na\ncular receives the capitate bone like a wedge, and this wedge action breaks the 
navicular when exerted at its point of maximum concavity, which is at the waist. 

Snodgi-ass has presented an important physio-anatomical solution to this problem by 
outlining the following three causes for frequency of fracture of the carpal navicular: 

. . first, it is thinnest in its middle; secondly, the cortex, which is the onty hard bone 
found in any of the carpals (the interior being cancellous) , is perforated by small vessels 
in this area; and thirdly, the scaphoid is the largest and longest bone in the proximal row, 
and is not segmented, and therefore is less able than the osseous elements on the ulnar side 
of the wrist to withstand a fracturing force”. As a fourth factor, the mechanism of hyper- 
e.\-tension must be added. The fact that the na^dcular forms part of both the distal and 
proximal carpal rows, plus many other unknown mechanisms of force, may add to the 
frequency of the fracture in military service. Fractures of the tubercle are extra-articular 
in relation to the carpus and are of the avulsion type, caused by excessive stress placed 
upon the radial collateral ligament, which is attached to it. 

Properly regulated methods of recognition and immobilization of fresh fractures, or 
peg-grafting for non-union, wall usually produce union. Many fractures of the navicular 
are not found at first examination, due either to faulty roentgenographic technique, which 
fails to show a hairline type of fracture, or to the fact that the fracture line itself is not 
visible. However, the fracture may be seen within ten days to two weeks after the initial 
injury, with a check roentgenogram. This delayed appearance of the fracture line is ex- 
plained on the basis of a lowered pH in the local tissue fluid. When there is a relative 
increase in the hydrogen-ion concentration, the solubility of the calcium salts is increased, 
resulting in absorption of calcium salts at the fracture site with a subsequent widening of 
the fracture line-. The fracture then becomes vdsible on the roentgenogram. All sprained 
Wists should be considered fractures of the carpal navicular until proved otherwise. Clini- 
cally the diagnosis may be suggested by a historj"^ of a fall on the hyperex-tended palm, by 
tenderness in the anatomical or king’s snuffbox, by limitation of flexion, and by aggravation 
of the pain with ulnar deviation. The absolute diagnosis is based purely upon roentgeno- 
graphic evidence. 

METHODS OF TREATMENT 

The medical literature indicates a progressive change in the treatment of these frac- 
tures. At first a cock-up splint was applied for ten days, followed by massage and electro- 
therapy for four or five days. Motion was then started; and if after four or five weeks no 
union had occurred, the carpal navicular was removed. Since then the treatment has 
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consisted either of resection of one or both fragments, of the proximal row of carpal bones 
with the proximal fragment, or of tlie entire navicular; arthrodesis of the joint; and, more 
recently, immobilization in plaster-of-Pnris for as long as twenty-four months. Efforts to 
obtain bony union surgically have included the use of onlay grafts, multiple drilling of the 
fragments, a single largo peg graft, and, finally, the present method of multiple peg grafts. 
The authors feel that tlic prolonged use of plasler-of-Paris casts not only involves some 
occupational and economic intei'ferenee, but also produces decalcification and osteoporosis 
of the bones of the forearm, wrist, and hand; this is more than a simple disuse atrophy, as 


suggested by Watson- Jones aufl Roberts. 

The shortest period of immobilization which is commensurate with bony union would 
seem to be the treatment of choice. Although it is sometimes difficult to evaluate symptoms, 
the autlmrs believe that ununitcfl fractures are painfid. The period of immobilization need 
not be unduly long, if the fractures are recognized early and are adequately immobilized. 
The authors had used for years the method which Thorndike and Garrcy described in 1940 
and called the “standard” method of immobilization of fresh fractures. The wrist is im- 
mobilized by a cast in 50 degrees of extension and slight radial deviation, with the thumb 
included in the cast to the intcrphalangeal joint. To this may be added the necessity of 
firmly locking the fragments by wide abduction of the thumb, which increases the radial 
deviation. This method is similar to the one advocated by Ritter. 

It has been the authors’ policy to immobilize tlie fi’acture by the method outlined for 
a period of six weeks. At the end of this time the cast is removed, and a roentgenogram is 
taken. If trabcculation across the fracture site is not comi^lcte, another cast is applied for 
two weeks. By the end of this time, union usually has taken place. Operative procedures 
are not considered until a full trial of immobilization has been given. If the fracture lias 
not healed at the end of the eight-week jieriod, the immobilization is continued for a total 
of twelve weeks. 

Bone-grafting has been done only on those patients who had fresh fractures which 
did not heal. No fracture was considered amenable to grafting which was older than one 
year. The criteria of non-union are based upon roontgenographic findings alone. Roent- 
genographic evidence of non-union consists of sclerosis and oburnation of the bone at the 
fracture line with no evidence of trabcculation, and of bone absorption with a gap at the 
fracture site after a lapse of time which would normally be sufficient to permit healing. 
Fractures which show cystic changes in either fragment are not considered suitable for 
operation. 


OPERATIVE PROCEDURE 

The first bone-graft operation for fracture of the carpal navicular in this country was 
done by Adams and Leonard in 1928. Until 1934, howmver, the method had not come into 
general use. During this period it was recommended for non-union and pseudarthrosis. 
Autogenous bone grafts were taken from the tibia. Results following bone grafts were 
reported as uniformly good. 

The procedure employed by the authors, w'hich has been found to be generally suc- 
cessful, is as follows: 

A dorsal longitudinal incision is made on the lateral side of the extensor polUcis longvs 
tendon and is carried distally to the extensor crease of the wrist, which is followed trans- 
versely to the mid-point of the wrist (Fig. 1). It is necessary to recognize and avoid the 
superficial branch of the radial nerve. The description of the dissection which follows is 
made with the hand in the anatomical position of supination. Actually the hand is placed 
across the chest at operation. The extensor indicis proprius tendon is retracted medially 
with its tendon sheath. The other extensor tendons are retracted with this tendon, except 
tlie extensor pollicis longus tendon, which is retracted laterally. Tlie dorsal carpal liga- 
ment is incised longitudinally, thus allowing for exposure of the capsule of the wrist di- 
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rectly over the navicular. The 
dorsal radiocarpal ligament and 
capsule are incised longitudinally, 
and sufficient room is thereby al- 
lowed to e.vpose the bone with 
gentle retraction for almost its en- 
tire dorsal aspect. It is sometimes 
necessary, for better exposure, to 
move the tendon of the extensor 
carpi radialis brevis from its 
groove in the end of tlie radius and 
to retract it laterally. No harm 
has been seen to occur as a result 
of this retraction. Since the longi- 
tudinal portion of the primarj’’ 
incision of the skin is eight centi- 
meters long, there is plenty of 
room to remove a bone graft from 
the distal quarter of the radius 
without including the metaphyseal 
end of the bone or disturbing the 
radiocarpal ligament. The frac- 
ture of the navicular is exposed; 
any intervening ligamentous or 
fibrous tissue is removed by sharp 
dissection, bone rasp, or curette; and the bone edges are fitted together. Three drill 
holes are then carried across from one fragment into the other fragment, lea^fing each 
bit in place. By leaving these three drill bits in place, the fracture is maintained in 
accurate position. Since one bit is removed at a time, and replaced by a bone peg, the 
driving of the pegs will not displace or separate the fragments, because the drills are placed 
at three different angles and pin the fragments tightly and firmly together. The proximal 
end of the incision is retracted laterally with the extensor pollicis longus and other extensor 
tendons, which is approximately at their musculotendinous junctions. The tendons of the 
extensor pollicis brevis, the abductor pollicis longus, and the extensor carpi radialis brevis 
are retracted medially. The distal fourth of the radius is now exposed, and the periosteum 
is elevated as far as the metaphysis. A graft of good cortical bone, one-half inch wide and 
one inch long, is removed. This large graft is split longitudinally to make three square 
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Fig. 1 

Drawing of the operatii'e procedure of triple-peg grafting 
of the carpal navicular. Shows the donor site and the three 
pegs in place. Inset demonstrates the type of skin incision 
which produces the least scar. 
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TABLE II 
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peg grafts, one-eighth inch in diameter, which is the size of the drill bit. The drill bits are 
then removed one at a time and each is replaced by a peg graft, which is driven through 
to fix both fragments. After the drills have been removed and all grafts have been inserted, 
the wound is closed simply by suturing the capsule and then the dorsal transverse carpal 
ligament. All tendons fall nicely into place. The subcutaneous tissue and the skin are 
closed in layers. A cast is applied, similar to that used for a fresh fracture. This cast is 
removed at the end of six weeks and a roentgenogram is taken. The condition of the bones 
and the amount of union arc checked, and, if union has not taken place, another cast is 
applied for three weeks. At the end of this time another check is made by roentgenogram, 
and either a cock-up splint or another cast is applied, depending upon the amount of 
healing. After union is complete, active motion, graduated exercises, and special wrist 
movements are combined with physical therapy to restore the normal range of motion and 
strength. 


CLINICAL DATA 

From March 1942 to August 1945, ninety cases of fracture of the carpal navicular 
have been treated. Of these, fifty-one were fresh fractures, treated either in the Ortho- 
paedic Clinic or in the .hospital (Table I). The average time required for union of these 
fresh fractures was 7.4 weeks ; non-union was present in two cases. In these patients, graft- 
ing was subsequently done by the raultiple-peg method, and bony union resulted. As might 
be expected, the fractures which took the longest time to Jieal were those through the waist 
or the proximal portion of the naviculai’. Those which were near the distal portion of the 
bone usually healed within six weeks. The patients returned to full duty wdth a painless, 
functioning wrist joint. A follow-up study was carried out on the soldiers who had had 
fresh fractures of the navicular, by writing to their respective commanding officers regard- 
ing postoperative care. The reports were made from six months to three years after the 
men had been discharged from further treatment. Reports were received concerning 62 
per cent, of the patients with fresh fractures, and all were on full military duty, many of 
them overseas. Of the postoperative cases, follow-up studies showed all except one to be 
on full duty. 

Thirty-nine old cases of non-union, which had had no previous treatment, were seen. 
The period of disability after the initial injury ranged from five months to eighteen years. 
It was always difficult to determine the amount of disability which resulted from non- 
union, and in every case the symptomatic findings were the guiding factors. Eighteen 
patients were placed on restricted duty, sixteen returned to full duty, and five were fhs- 
charged from the Service with a Certificate of Disability Discharge because of complaints 
concerning the wnist. Ten of these patients were suitable for bone-graft operations. Of 
those who were placed on restricted duty, two had associated fractures of the lunate bone 
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and the first metacarpal, respectively. Another patient had an associated low-back pain, 
uhich necessitated placing him on limited service. 

The twelve patients upon whom bone-graft operations were performed (Table II) had 
had lecent fractures with definite evidence of non-union. The fracture lines were clearly 
defined at operation. The amount of mobility of the fragments seemed to depend upon the 
width of the fibrous tissue filling the gap. Either bone-end absorption or wider separation 
of the fragments in the first place resulted in more fibrous-tissue replacement. The 
authors believe that union in these operated cases would not have occirrred after even two 
years of immobilization, because of the mobility, the width of the fibrous-tissue gap re- 
quiring replacement with bone, and the sclerosis of the fractured bone ends. The fibrous 
tissue did not have the appearance of prcosscous tissue. After it had been excised and the 
sclerotic ends had been removed vith a veiy small rasp or curette, even though actual 
bleeding of the bone surfaces was not evident, the bone appeared more nearly normal in 
texture. The average period of immobilization after operation was 9.6 weeks. In a few 
instances it was necessary to continue a cock-up splint for three or four weeks to ensure 
full bony union. Some illustrative case reports follow'. 

C\SE 1. This soldier sustained a fracture of the naiieular m Maj' 1944. It was adequately im- 
mobilized for a period of eight weeks BccaU'C absorption between the fragments of the fracture had 
taken place, it was decided that non-union would eientually result, and bone-grafting was therefore 
done The cast was remoxed after eight weeks, and firm bony union was establi-hed by roentgenogram 
The patient was discharged after rehabilitation, with a normal range of motion and complete function 
of the wrist (Figs 2-A and 2-B). 

Case 2 This patient sustained a fracture of the carpal naxicular in Febmaiy 1944 Xo cast was 
applied. There was definite roentgenographic evidence of non-union A grafting procedure with multiple 
pegs was done in July The patient was di-charged to full duty in Xoi ember 1944 with complete bony 
umon and full function of the wrist (Fig- 3-.A. and 3-B) 




Fig 2-A Fig 2-B 

Fig 2-A- Case 1 Xon-union of carpal navicular Marked separation of fragments can be seen. 
I'lg 2-B; Same patient after tnple-peg bone-graft operation 
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Fig. 3-A Fig. 3-B 


Fig, 3-A: Case 2. Non-union before Iriple-pcg bone-graft ojieration. 
Fig. 3-B: Position of grafts after union can be made out. 



Fig. 4-A: 
separated. 


Fig. 4-A Fig. 4-B 

Case 3. Non-union before triple-peg bone-graft operation. Fragments are widey 
Fig. 4-B: Complete bony union. 
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Fig. 5-A Fig. 5-B 

Fig. 5-A: Case 4. Fracture of waist of carpal navicular, with angulation of fragments and non-union. 
Fig. 5-B: After triple-peg bone-graft operation. 



Fig. 6-A Fig. 6-B 

Fig. 6-A : Case 5. Shows non-union near pro.ximal end of navicular, 
t'lg. G-B: After triple-peg bone-graft operation. 
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Casd 3. Fnicluve of the carpal navicular was in- 
curred during military activity in October 1943. Non- 
union Wiis e.^tablished when the patient was seen in 
the Orthopaedic Clinic in June 1944. The soldier was 
ojieriitcd u))on in June, After operation he wore a 
ca^t for nine weck.s and a splint for four weeks. He 
was discharged to full duty in October 1944, after 
bony union Jiad been established; lie had full func- 
tion of tlic wri.st and no pain (Figs. 4-A and 4-B). 

C.\sE 4. The initial injury to the wrist occurred 
in July 1044. Tlie p/itient received no medical treat- 
ment and a cast was not applied. Bone-grafting was 
done in September 1944. A plaster-of-Paris cast was 
necessary for twelve weeks, and the patient wore a 
.s])lint for an additional three weeks. He was dis- 
charged to full duty in Januaiy 1945, w'ith a com- 
idetoly licaled wri.st (Figs. 5-A and 5-B). 

C.\si: 5. Bone-grafting of the carpal navicular 
was done on this patient five months after his initial 
injmy. The cast was removed for the last time after 
ten weeks of j/nmobiliaation; for part of this time he 
had been treated on an ambulatory basis. Due to 
lack of coo]reration on tiro part of the patient in fol- 
lowing the program of graduated e.xercises, there was 
some residual stiffness of the wrist, despite re-admis- 
.'-ion for tiie jnirposo of convalescence. This was the 
only patient in (he series of eases which came to oper- 
ation wlio was placed on restricted duty. It was felt 
definitely that this man would have had just as good 
a result as tlie others, if he had cooperated properly 
(Figs. 6-A and 6-B). 

C.\su 6, The patient was admitted to the hospital 
for bone-grafting in August 1942, after an injury 
to his left wrist. This was the second injury to this wrist; the patient gave a history of previous injury 
in 1938, while playing baseball. As this was the first operative case in the Service, it is presented to show 
the development of tlie method of grafting with three pegs. This patient had had multiple drill holes 
and one large onlay graft. He wore a cast for ten weeks, but no union occurred. Clinical fibrous union 
was present; but the authors felt that, if three pegs had been inserted into the three empty drill holes 
across the fracture, union might have occurred. Because of the e.vperience with this case, the tiiree pegs 
were used tliereafter. Clinically, liowever, this patient liad excellent function of tlie waist with no com- 
plaints of pain. He was discliarged from the hospital to full duty, and has been serving in the Armed 
Forces in that capacity ever since (Fig. 7). 



Fia. 7 

Case 6. Non-union after onlay bone graft and 
multiple drilling acro-ss the fracture site; peg 
graft w’as not used to bridge the fragments. 
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THE CONSERVATIVE TREATMENT OF CONGENITAL 
TALIPES EQUINOV.IRUS 

BY I3IDORO BLUMEXFELD, M.D., XATHAX KAPLAN, M.D., AND 
EDGAR 0. HICKS, M.D., IOWA CITY, IOWA 

From the Department o{ Orthopaedic Surgery*, Stale University oj Iowa, Iowa City 

The medical literature is replete with hypothetical considerations of the etiolog}’’ of 
;his common congenital anomaly, but actually nothing new has been added since Hippoc- 
:ate3’s description and discussion of congenital club-foot. The treatment since the days of 
Bippocrates had not materially changed until the redressement force was begun many 
y'ears later. The modifications that followed were as numerous as the number of ortho- 
paedic clinics the world over. 

In his first paper in 1930, Kite himself disclaimed any originality for his method of 
treatment, stating that it was “as old as the science of medicine”. Taylor, in 1892, reported 
his successful treatment of club-foot by what he called continuous leverage and retention 
in a cast. This was simply a method of treatment by a corrective cast, although without 
the refinement of wedges to help in the correction. 

In this same year English orthopaedic surgeons began using metal splints in the treat- 
ment of club-foot. These, too, were modified many times in successive years, and in 1937 
Denis Browne reported a new modification of this splint, the twelfth of its line; at that 
time he stated that the splint works on the mechanical principle that it is possible to cor- 
rect the position of one foot by means of the other. In 1940 and 1941 a new modification 
of this splint was introduced in the United States. 

Brockman, whose book on club-foot has become a classic, in a more recent paper about 
treatment of this condition, says: “After a long experience of the method of treatment 
upon which I was brought up — namely, repeated forcible manipulation of the deformed 
foot and fixation of the foot in the corrected position with plaster strapping — I have come 
to the conclusion that it is a poor method in every way when compared with the one 
advocated by Mr. Denis Browne.” 

Today, in considering any kind of treatment, it is necessary to pay attention to all the 
components of the deformity in order to make of the congenitally deformed foot one that 
IS the exact opposite, — a hypercorrected foot. 

The deformations are essentially three: adduction, inversion, and equinus. The ad- 
duction is located in the fore part of the foot and may be considered as an angulation 
between the fore part and the hind part of the foot, which takes place mainly in the 
mid-tarsal joint. 

Peabody and IMuro believe that it is necessarj"^ to differentiate the metatarsus vaims 
component of talipes equinovarus from time metatarsus adductus, — a different entity wfith- 
out real changes in the position of the posterior part of the foot. The metatarsus adductus 
jS, in their opinion, easily corrected; the metatarsus varus, generally with deformation of 
the metatarsal bones and cuneiforms, is very hard to correct. 

The inversion takes place in almost the entire foot, but mainly in the subtalar joint; 
the talus is fitted into the mortise of the ankle joint, and the calcaneus in supination is 
rotated inward under the talus. The equinus deformity takes place, first, in the ankle 
joint, which is in plantar flexion and may be called “ankle equinus”; second, there is also 
m equinus of the fore part of the foot in relation to the posterior portion, called “forefoot 
equinus” or cavus, taking place in the mid-tarsal joint. 

Any attempt to get a good correction of the club foot must accomplish the correction 
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of all these deformities in sequence: adduction, inversion, equinus of the fore part of the 
foot, and equinus of the ankle joint. 

First of all, the adduction of the fore part of the foot must be corrected in order that 
the navicular, which was medial to the head of the talus, be drawn in front of the head of 
that bone. This apparently simple deformation, perhaps the least important of any of 
them, sometimes is hard to correct, and gives the foot a characteristic appearance, with 
varying degrees of "toeing in”. 

Kite says that in the adduction deformity, if the navicular is still on the medial side 
of the head of the talus when the treatment is discontinued and the child is allowed to 
walk, the weight thrust will fall obliquelj'- on the side of the navicular and will push the 
fore part of the foot back into the adducted position. If the fore part of the foot is carried 
outward too far, the navicular may be drawn arounfl lateral to the head of the talus into 

a flat-foot position, which is undesir- 
able. Care should be exercised to cor- 
rect the adduction deformity com- 
pletely, wdthout overcorrecting it. 

In the inversion or varus deform- 
ity, the calcaneus appears to be supi- 
nated under the talus, "which is at- 
tached firmly into the tibiofibular 
mortise. TJjis is the next deformity to 
bo correeted. The third deformity to 
be corrected is the plantar flexion or 
equinus in the mid-tarsal joint. The 
last deformity is the equinus in the 
ankle joint, and no attempt should be 
made to correct it until the three other 
deformations have been corrected. 
This is of paramount importance since, 
wdth the foot in the equinus position, the subtalar joint is relaxed and it is easier to correct 
the adduction and varus deformities. When attempts are made to correct the equinus 
deformity without previous correction of the supination and adduction, the calcaneus will 
remain in the position of equinus and supination. The fore part of the foot is forced into 
dorsifl exion ; and a converse deformity in the mid-tarsal joint develops, which is recognized 
clinically and roentgenographically as the “rocker-bottom” foot (Fig. 1). 

The treatment of the club foot must be checked periodically by clinical observation 
and by roentgenograms. The anteroposterior films give a clear view of the deformation 
of the fore part of the foot against the deformations (adduction and inversion) of the 
posterior part of the foot; the lateral views show the equinus position in both the mid-tarsal 
and ankle joints. 

The deformation of the fore part of the foot is checked by comparison of the align- 
ment of the metatarsals with that of the tarsal bones. Kite believes that adduction of the 
fore part of the foot has not been corrected when the mid-line of the talus points towardN 
the little toe instead of toward the great toe. 

As the center of ossification of the navicular does not appear until the fourth year, 
this bone is not seen in roentgenograms taken before this age; until then the coincidence 
of the mid-line of the talus and the first metatarsal segment is used. 

Normally, the calcaneus and the talus are fitted in such a way that the calcaneus 
articulates with the cuboid on the lateral border of the foot, and the talus articulates with 
the navicular on the medial border; both bones appear in the anteroposterior roentgeno- 
grams, forming an angulation of from 30 to 35 degi’ees. In the varus deformity the cal- . 
caneus is supinated, — that is, rolled under the talus, decreasing this angle. As the object 



Fig. 1 

“Royker-bottom” deformity in a patient treated with 
the Denis Browne splint. 
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of treatment of tlie varus deformity is to pronate the ealcaneus, the evidenee of its accom- 
plishment will be the separation of the anterior ends of both bones, as specified before. 

When the equinus position is not corrected, the lateral roentgenograms will show the 
talus extending over the ealcaneus by half its length; at the end of successful treatment, 
the anterior ends of both bones are more or less in the same transverse plane. 

In the past, the treatment of club-foot in this Orthopaedic Department followed one 
of three methods; (1) initial treatment bj" frequent changes of casts; (2) attempts to attain 
full correction at one sitting by means of a wrenching and lengthening of the tendo cal- 
caneus under anaesthesia ; and (3) initial treatment bj*^ manipulation under gas anaesthesia. 

For the last few years some changes have been made, and at present the treatment 
falls into one of the following categories, depending upon the age of the patient when 
first seen: 

1. Splints. 

2. A wedged cast, or the Kite method. 

3. ^Manipulation under anaesthesia, with some restrictions. 

AVith a clear understanding of what a club foot is and what procedures are necessary 
in order to correct the deformations, an analysis will be made of the three principal con- 
servative methods of treatment which are being used in this Clinie, and their limitations 
will be discussed. 

1. The Denis Browne Splint in the Treatment of Congenital Club-Foot 

Brockman’s opinion of the splint has already been stated. In 1941, Stuart Thomson 
of Toronto introduced the splint into the United States. He stated that the results of 
treatment w'ith older methods w'ere discouraging, wdiile in sixty cases of equinovarus 
deformity treated by him wdth the Denis Browne splint, there was only one recurrence 
(blamed entirely upon the mother) . 

Van Doraselaar, of Buenos Aires, presented in 1943 a report based upon his experience 
at the Campbell Clinic in IMemphis, Tennessee. Of twenty-eight cases treated by means 
of the Denis Browme splint, there w'ere tw'enty-six cases with excellent correction and two 
failures (one because of intolerance to adhesive strapping, and the other due to multiple 
deformities and lack of cooperation of the parents) . Correction was obtained in from four 
to eight weeks, except in one case (treated previously with manipulation and casts) wdiich 
took nine weeks. His report is very optimistic, but the follow'-up of the cases is insufficient. 

A paper by Jergesen in the same year, on unilateral club-foot treated by the Denis 
Browne splint, and another by Bell and Grice in 1944, bring the bibliography on the subject 
up to date. Many minor modifications of the original splint have been made, and most of 
the details have already been described. 

In the Orthopaedic Department of the University of Iowa Hospitals, a type of plate 
IS employed which is similar to that used by Bell and Grice; it is made in three different 
sizes, according to the size and age of the child. Lately, since more attention is being paid 
to adduction of the fore part of the foot, the shape of the plates has been changed so as to 
make them curve outward, wdth a concave lateral border and a convex medial border. A 
special device is placed under the plates, to allow rotation of the plate on the bar. 

The horizontal bar is flat, and does not differ from that described by other authors. 
The plates are covered with felt instead of rubber sponge; this is stuck on the surface of 
the plate, facing the foot. The technique of strapping follows more or less the plan gen- 
erally used. It is, of course, necessaiy to keep certain principles in mind to assure success 
by this method: 

L There must be perfect apposition and attachment of the foot to the plate. 

2. In order to prevent oedema, no windows should be permitted between the strips. 

3. There must be no wrinkles, to avoid excoriation of the skin. 

■I- The skin must be clean, and must be prepared by washing with tincture of benzoin. 
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Since move attention has been paid to the correction of the adduction of the fore part 
of the foot, the authors have adopted Bell and Grice’s technique in applying the first two 
strips. In the bilateral cases, both feet are bound to the plates according to this technique. 
In the unilateral cases, the normal foot may be strapped in a similar manner, but it is not 
necessary to follow a special technique; it is enough to have the normal foot firmly flat 
on the plate. 

It is better to begin by holding the foot or feet on the plates for a short while in the 
position of deformity, — that is, not to attempt immediate correction of the adduction, in- 
version, and cquinus. With this idea in mind, the bar is bent to the shape of an inverted V 
and applied to the plates without changing the position of the foot. This has some ad- 
vantages: The flexibility of the foot is increased; there is no swelling; dermatitis is mini- 
mized; and the foot always remains soft, which greatly facilitates the treatment. 

At first the strapping is changed every five to eight days, — preferably every five days. 
The authors prefer to keep the patient in the Hospital during the first period of treat- 
ment, — that is, from four to eight \vecks; then he is discharged, provided there is assurance 
of proper home care and of prompt return, at stated intervals, for continuation of the 
treatment. 

After two or three sessions, the bar is straightened out, and, as the feet follow the 
position of the bar, the adduction and inversion become diminished until the neutral posi- 
tion in the anteroposterior plane is obtained. From then on, the foot is gradually rotated 
and abducted until it reaches 90 degrees of outward rotation. As long as the bar is kept 
straight, adduction is corrected and inversion is reduced to the neutral position. To change 
the varus into a valgus deformity, the bar may be bent to assume a true V shape earlier,— 
that is, starting when the foot points straight forward. The former way — namely, the 
anteroposterior position with 90 degrees of external rotation on the bar (the so-called 
"Charlie Chaplin” position) — is the usual imocedure. 

In subsequent sessions, when adduction and inversion have been corrected, one starts 
the stretching of the calf muscles. This is done by accentuating the V bend of the bar 
while the foot is still held in 90 degrees of outward rotation. When the deformity is uni- 
lateral, the bar on the normal side is bent horizontally so that the foot is held in a neutral 
anteroposterior position all the time. 

The treatment with the Denis Browne splint is active treatment: The more the baby 
kicks, the more the correction is improved; when flexion movements at the knees are car- 
ried out, the feet go into valgus and the calf muscles are stretched. The active kicking 
results in marked development of the calf muscles. The progress of correction is checked 
by roentgenograms, according to the standard criteria mentioned previously. 

After the correction of all the deformities has been accomplished, the problem is to 
maintain this correction. Thomson allots five or six wmeks for correction, about five months 
for use of the splints, and another six months in boots; after the child begins to walk, shoes 
are used during the day and splints at night, — for years, if necessary. 

Bell and Grice do not like the use of shoes attached to the plates, or the use of plaster 
casts in order to maintain the correction. They advocate the use of the plates "with the 
feet strapped on them for at least a year, _ ^ 

Van Domselaar states that, after correction has been obtained within six or eight ' 
weeks, the plates are attached to baby shoes with a small corset stay for the legs. After 
the child is seven months of age normal shoes, attached to the bar, are used. 

In this Clinic the policy is to start the treatment as early as possible; correction was 
obtained in the favorable cases in about eight weeks. After correction it is advisable to use 
the plates and bar, as Bell and Grice do, for a long period of time. When the baby is old 
enough to wear shoes, they are attached to the plates in reverse (the left shoe on the right 
side and the right shoe on the left side) , and the splints are wmrn twenty-four hours every 
day. After two to four months the mother is instructed to allow the child to ■wear the 
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Fig. 2-A Fig. 2-B 

Show patient before and after tieatment with tlie Denis Browne splint. 
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Fig 2-C Fig 2-D 

Roentgenogiams taken before and after treatment. 


splints twenty hours each day, and to be without them the other four hours. When the 
baby reaches the walking age, a similar progi'am is followed: The splints are worn at night 
and during napping hours for a long period of time, and .shoes with outer patches on the 
soles are worn for standing and walking. In some instances club-foot plates are placed in 
the shoes, in addition. 

Van Domselaar cites twenty-eight cases; the ages of the patients ranged from three 
weeks to four and one-half years. Correction was obtained within four to eight weeks. 
The results were excellent in twenty-six cases ; failuj’es occurred in two cases. 

Of forty-six cases. Bell and Grice obtained excellent results in eleven, good results in 
twenty-nine, and fair results in six. They considered an excellent result to mean an essen- 
tialljf normal foot (external rotation with a full range of dorsiflexion and eversion). A good 
result meant a foot without structural changes, but with some limitation of motion as 
compared with the normal. A fair result was one in which a mild deformity of one of the 
elements persisted, but did not cause any appreciable disturbance in gait 

This report covers cases treated by the Denis Browne method in the Orthopaedic 
Department of the University of Iowa Hospitals from 1942 to 1945, inclusive. The cases 
are divided into two groups: The first group includes patients treated only vith Denis 
Browne splints; the second group includes cases in which treatment was started vith 
Denis Browne splints and completed by other types of conservative treatment. 

From February 1942 to November 1945, of 161 cases of congenital club-foot, forty-one 
were treated from the beginning with Denis Browne splints. In twenty-eight of these cases 
the deformity was bilateral and in thirteen it was unilateral, giving a total of fiftv-nine 
cases of club-foot. 


lOL. 2S, NO 1, OCTOBER lOlG 



770 


1. BLUMENFELD, X. KAPLAN, AND E. O. FUCKS 


The age at onset of treatment varied from two weeks to one year; most of tlie patients 
(nineteen, or 46.3 per cent.) were between two and six weeks old, eight (19.5 per cent.) 
were two months old, and 12 (29.3 per cent.) were between three and five months of age, — 
a total of thirty-nine patients under six months of age. Two patients were over six months 
of ago. Most of the cases, therefore, were treated very early. The period of observation 
varied between four months and three years. 

The results wore as follows: 

1. Excellent correction of all these components — adduction, inversion, and cquinus — 
was obtained in 21.5 cases, or 53 per cent. (Figs. 2- A, 2-B, 2-C, and 2-D) . 

2. Correction of the deformity, with but a slight degree of metatarsus adductus re- 
maining, was attained in ten cases, or 24 i)er cent. 

3. More than one of the components of the deformity were still present in 9.5 cases, 
or 23 per cent. (The figures of 21.5 and 9.5 each include a case in which one foot was cor- 
rected and the other was not.) 

Of the second group, in which treatment was started with the Denis Browne splint 
and completed with another form of conservative treatment, full correction was obtained 
ill four cases after treatment of the adduction with Kite casts. In four cases of the same 
group, wrenching was advised and was refused. One patient has had the Kite cast, without 
success to date. In one case, correction of the remaining metatarsus adductus with the 
Denis Browne plate is still being attempted. It is possible that, in some of these cases, 
wrenching or the Kite casts will be needed to obtain complete correction. 

Of the 9.5 cases in which more than one component of the deformity was still present, 
correction was obtained in five after treatment had been completed with wrenching or 
the Kite casts. 

It is evident that these results with the Denis Browne splint alone are not so opti- 
mistic as those published elsewhere. The cases in which success was attained with the 
Denis Browne splint alone, together with those in which the Denis Browne splint was 
complemented by another type of conservative treatment, total almost the same as, or 
more than, those of most of the other authors; only Kite's own results with wedge casts 
are better. If to the 53 per cent, of excellent results ai-e added the cases with good results 
after use of the Kite casts or wrenchings in the second and third groups, the total is almost 
80 per cent, of good results with conservative treatment. 

The better functional results with the Denis Browne splint, alone or complemented 
with other conservative treatment, are possibly due to the fact that the feet arc almost 
always kept flexible with the use of the splints. 

2. The Kite Cast or Wedged-Cast Method 

We are all familiar witli the excellent description given by Kite of the steps in apply- 
ing the casts and taking the wedges. In this method also, one is concerned with correction 
of the adduction of the fore part of the foot, then with the varus of the heel and the correc- 
tion of the cavus, and finally with the correction of the equinus in the ankle joint. It is im- 
portant that wedgings be made once or twice a week, and that a completely new cast 
be applied after every three or four wedgings. When all the components have been cor- ^ 
rected, the foot should be maintained in the corrected position in a retentive cast for several 
months. These casts, too, should be changed every few weeks; and at these times the knee 
and ankle joints should be put through a complete arc of motion. Small wedges taken 
frequently, without undue strain being put on the joints and their soft structures, may 
take somewhat longer to attain full correction, but assure a more satisfactory foot, both 
from the cosmetic and from the more important functional standpoint. Meticulous care 
in applying the casts and taking the wedges is essential. 

Forty-three cases were treated by this method. The ages ranged from seven days to 
thirteen months at the onset of treatment. Two patients had had retentive casts applied 
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Fig. 3-A Fig 3-B 

Roentgenograms taken befoie and after tieatment by the Kite method. 


by local physicians prior to their first admission to this Hospital, but no attempt had been 
made by the local physicians to obtain any correction. The duration of treatment ranged 
from two to thirteen months. In eleven cases there were recurrences, which were re-treated 
with Kite casts. One patient had the Brockman treatment in conjunction with the Kite 
treatment. Six had lengthenings of the tendo calcaneus to correct residual equinus. In 
thirty-two cases, or a total of 74.4 per cent., the results were good (Figs. 3-A and 3-B). 
This does not include the five cases which were first treated b}'' the Denis Browne splint 
and then by the Kite method. Of these, four had good results and one had a poor result. 
Eleven cases, or 25 per cent., had poor results. They were later treated by wrenchings and 
plantar strippings, and will probably eventually come to bone operations. Of these, three 
were cases of spina bifida. 

A comparison of these statistics with those of Kite shows that the authors obtained 
good results in fewer cases than did Kite. 

3. Manipulative Treatment under Anaesthesia 

Fifty-seven patients (eighty-one feet) were treated exclusively by corrective casts and 
wrenchings, except for two cases in which Kite casts were used for short periods between 



Fig. 4-.\ 

Before and after treatment by wrenchings 


Fig 4-B 
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wrenchings, without improvement. They represent all the cases of club-foot that were 
treated by manipulation between 1940 and 1942. This period of study was chosen for two 
reasons: first, to give a sufficient follow-up period for determining late end results; and 
second, because, after 1942, many of the cases were treated by combinations of wrenchings, 
Denis Browne splints, and Kite casts. The word “wrenching” is used here to denote force- 
ful manipulation under anaesthesia, without the use of the Thomas wrench and wedged bar. 

During this period thirty-six cases, with a total of fifty-four club feet, were treated in 
the Clinic by the Resident Staff. (Since there were a number of bilateral cases in which 
one foot required additional operative work to complete the correction, the statistics are 
given according to the number of feet and not according to the number of cases.) Of this 
number, correction was complete in ten feet, or approximately 19 per cent., and six feet 
were corrected except for a slight adduction of the fore part of the foot, giving a total of 
good results of approximately 30 per cent. (Figs. 4-A and 4-B) . Of the sixteen good results, 
eleven had to have lengthenings of the tendo calcaneus to complete the correction. Five 
were corrected without such lengthenings. These cases all have roentgenographic evidence 
of the correction. 

In the private cases where the wrenchings were done by Dr. Steindler, the statistics 
are much better. The basis for correction rests mainly on clinical impression, however, 
because during the period of study, roentgenograms were taken infrequently on private 
cases. In most cases, the follow-up has been sufficiently long to show that the correction 
has been maintained, and in no case where clinical correction had been reported was there 
found later to be roentgenographic evidence of residual deformity. This is not true of the 
cases treated in the Clinic, as often clinical impressions have been found to be at great 
variance with the roentgenographic picture. 
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There were twenty-one private cases, with a total of twenty-seven abnormalities of 
the feet. Complete correction of all components by clinical or roentgenographic evidence 
was obtained in seventeen feet, or approximately 63 per cent. In two feet the deformities 
were corrected, except for slight adduction of the fore part of the foot, making a total of 
nineteen acceptably corrected feet, or 70 per cent. Deformities in twelve of the feet were 
completely corrected without lengthening of the tendo calcaneus. In both partially cor- 
rected feet, lengthening of the tendo calcaneus was required. Of the private cases, correc- 
tion was obtained in eleven feet with one or two wrenchings, three were corrected with 
three wrenchings, and the remainder required from five to ten. The average length of time 
between wrenchings was one month, but ran up to one year, owing to recurrences of the 
deformity. 

In the Clinic cases in which correction was achieved, two or three wrenchings were 
required. One case was corrected with one wrenching, and one case required seven. The 
average length of time which the patients spent in casts before complete correction was 
obtained ranged from tlwee months to two years in the private cases, and from four months 
to four years in the cases treated in the Clinic; two and one-half years was the average 
for the Clinic cases and one and one-half years for the cases privately treated. 

The age at onset of treatment ranged from six weeks to four or five years in both the 
cases seen in the Clinic and privately. In the Clinic, twenty-five patients were under six 
months of age and eleven were over six months of age; nine private cases were under six 
months of age and twelve were over six months. Of the patients treated successfully by 
this method in the Clinic, nine were under six months of age and seven were older. Of the 
series seen privately, ten were under six months of age and seven were over. 

It might be well to re-emphasize that an attempt to correct the equinus should not be 
made until the adduction and varus have been corrected. Lengthenings of the tendo cal- 
caneus were carried out in some of the cases treated by manipulation, prior to obtaining 
correction of the other components. This was a definite factor in causing failure of correc- 
tion in these cases. In evaluating the cases in this series, fairly rigid criteria have been 
maintained for complete correction of adduction of the fore part of the foot. 

A special cassette holder fashioned out of wood, with two crossbars, is now used (Fig. 
5-A) . The posterior part of the heel and the entire medial side of the foot are held firmly 
against the horizontal and vertical bars, respectively (Fig. 5-B) . All roentgenograms are 
thus standardized (Fig. 5-C) . 

Most of the well-corrected congenital club feet treated by wrenchings are pliable. In- 
completely corrected feet are usually rigid. This is mentioned, since it has been reported 
and is generally believed that all feet treated by wrenchings are rigid. A private patient, 
in whom wrenching for severe club-foot was carried out twenty years ago by Dr. Steindler, 
was seen recently. Roentgenograms showed perfect correction, and no evidence of bone 
injury or degeneration. The feet were pliable and painless. 

With the use of the wedged-cast method, Kite reports successful treatment in 90 per 
cent, of his cases. He maintains that forcible manipulation under anaesthesia irreversibly 
damages the articular cartilage, which results in partial or complete ankylosis. The authors 
agi-ee with this statement only in so far as the cases incompletely corrected by manipula- 
tion are concerned. In the cases treated by manipulation under anaesthesia in which com- 
plete correction was obtained, the feet were found to be pliable. In reviewing the roent- 
genograms of 100 consecutive cases treated by manipulations, which include the cases in 
this series, in only three cases was there some evidence of bone injury. In one case there 
was aseptic necrosis of the first cuneiform; in one there was a separation of the lower tibial 
epiphysis; and in one some destruction of the talus was present. 

It is perfectly evident that we are dealing with a condition which is amenable not only 
to treatment, but to cure, provided proper management on the part of both the phvsician 
and the parents is brought to bear. 
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COMMON CAUSES OP FAILURE 

Kiclncr stated that there are three principal causes of failure: 

1. Delay in inauguration of treatment. 

2. Imperfect nenu supply to tlic muscles, as in spina bifida. 

3. Failure to obtain and to maintain complete overcorrection of the deformity. 

With regard to the first cause of failure, it is obvious that, with the use of the Deni 

Browne splint or the Kite casts, the earlier treatment is started, the better the prognosis 
However, with the manipulative treatment under anaesthesia, this factor does not appea 
to be so important. It is often the fault of the parents that a baby with club-foot is no 
brought for treatment, but more frequently the fault lies with the family physician. 

The second reason is self-evident. The third reason needs some elaboration. Kite, h 
1935, stated that "an incompletely corrected club-foot or a relapsed club-foot is mor 
disabling than an untreated club-foot. The untreated foot is more stable and is a mud 
more serviceable foot than a partially corrected foot.” 

No matter wliat the treatment, tlie maintenance of correction is of utmost importance 
We liave all seen too many cases in which complete correction, both clinically and bj 
roentgenogram, is obtained, only to be lost in subsequent months because of failure t( 
maintain the correction in some suitable manner. 

It is likewise of importance that the period of time between the reapplication of tin 
Denis Browne splints should not bo longer than from five to seven days, — prefcrablj^ five 
With the Kite method of treatment, wedges should be taken every three or four days am 
casts should be changed completely after every third wedging. One of the reasons whj 
Dr. Steindler obtained better results in his private cases was that he manipulated the fee 
every three weeks or every month until correction was obtained. 

A fourth cause of failure may be allergic manifestations to adhesive strapping anc 
plaster-of-Paris. In several cases, another form of treatment had to be used because o: 
allergic reactions to these materials. 

Maintenance of correction should be active until all the tarsal bones are completel} 
ossified. The parents should be instructed in their part of the after-treatment, and shoulc 
be deeply impressed with their responsibility of gentle manipulation of the corrected feel 



Fig. 6-A Fig. 6-B 

Fig. 6-A: Roentgenograms of patient with metatarsus varus, before treatment. 
Fig. 6-B: Roentgenograms taken after tieatment by wrenchings. 
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several times daily. They should also be impressed with the fact that they are to bring 
the child back immediately upon the recurrence of the slightest deformity. 

The authors advoeate the following regimen in the maintenance of correction: When 
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complete correction has been obtained, and only then, are the Denis Browne plates and 
bar attached to the soles of the shoes, with the right shoe on the left foot and the left shoe 
on the right foot. This arrangement is worn continuously until the child reaches walking 
age. The child is then fitted with a club-foot plate and full-length outer patches on 
the shoes. 

The plates must be changed frequently to fit the foot. The club-foot plate is a flat 
piece of metal, the width and length of the foot, with three flanges or lips; one is on the 
lateral side of the foot, opposite the tarsometatarsal joint, and two are placed medially. 
The anterior lip opposes the head of the first metatarsal, and the posterior lip opposes the 
heel. This fits into the shoe and holds the foot in the position of correction. For a child 
who is active and walking, this is a valuable form of after-treatment for the waking hours, 
if properly fitted. 

When the child first begins to walk, he is allowed to be up two hours a day for the first 
few months. The rest of his waking and sleeping time is spent in the shoes and the Denis 
Browne splint. The hours of freedom from the splint are gradually increased, depending 
upon the judgment of the physician; however, the splint is always used at night for at 
least two or three years after correction. 

In regard to the metatarsus varus alone, without the other deformities, several of these 
cases have been treated with Denis Browne splints without success; on the other hand, a 
number of cases of metatarsus varus were treated with Kite casts with good results. The 
vast majority of the cases of metatarsus varus were treated by manipulation (Figs. 6-A 
and 6-B) . Twenty-six feet in the private cases and ten feet in the series seen in the Clinic 
were thus treated. Of the private cases, twenty-three had excellent results, two improved, 
and failure occurred in one case. Of the cases seen in the Clinic, complete correction was 
obtained in eight and partial correction in two. 

Certain disadvantages are associated with each of the three methods: 

With the Denis Browne splint, constant attention is required. The adhesive strapping 
must be changed every five to seven days, which necessitates frequent visits or long periods 
of hospitalization, entailing considerable e.xpense. 

Use of the Kite casts requires frequent wedges and changes of cast, which also entail 
frequent treatments or a prolonged stay in the hospital. In addition, the personal equation 
of the doctor treating the patient is of utmost concern, because of the necessity for metic- 
ulous care in the taking of wedges and the application of casts. 

Manipulation under anaesthesia has the following disadvantages: 

1. An anaesthetic is necessary, with all the risks involved. 

2. The period of immobilization in plaster is longer. 

3. The personal equation is of greater concern here than with the Avedged-cast method. 

4. There is danger of permanent bone or joint changes. This is, of course, inA^ersely 
proportional to the experience of the orthopaedic surgeon instituting the treatment. 

5. Frequent upper respiratory and contagious diseases prevent the giving of anaes- 
thetics, which cause undue delay and interruption of treatment. 

The maintenance of correction is of the utmost importance, and cannot be emphasized 
too strongly. In this regard, one case is illustrated in which correction was not maintained 
because of failure to retain the foot in the corrected position for a prolonged period (Figs. 
7-A, 7-B, 7-C, 7-D, and 7-E) . 


CONCLUSIONS 

1. Treatment of club-foot should be instituted as early as possible. 

2. The Denis Browne splint, alone or complemented in some cases by another form 
of conservative therapy, gives the best results, especially in patients under one year of age. 

3. In cases in which the Denis BroAvne splint failed to obtain complete correction, or 
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in those patients who are between one and four years of age at the beginning of treatment, 
wedged casts should be used. 

4. In some cases of metatarsus varus, correction can be accomplished with wedged 
casts. 

5. Under certain conditions in private practice, manipulative methods may not be 
the method of choice, but rather of necessity. In e.xpert hands, good results can be obtained 
by the manipulative method. 

6. The manipulative method can be used in patients in the older age groups. 

7. iMetatarsus varus can either be completely corrected or markedly improved by 
manipulative methods. 

8. Correction must be maintained for a considerable period of time, preferably as 
described. 
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A SPLINT FOR TREATMENT OF RECURRENT CLUB-FOOT 

BY STUART A. THOMSON, At.D., TORONTO, ONTARIO, CANADA 
From the Hospital for Sick Children, Toronto 

About a year ago a new splint was designed at our clinic for the final treatment of 
recurrent club-foot. It has been named the “spring splint”, and has proved to be of out- 
standing value and satisfaction. It is applicable only to the child of active-walking age. 

The recurrent club foot usually shows varying degrees of the following deformities: 

(1) Equinus — the foot cannot be dorsiflexed to a right angle; 

(2) Varus — this varies considerably in different feet and may even remain as a sub- 
talar varus permanently, in spite of treatment; 

(3) Adduction of the. fore part of the foot, which is not of much consequence, and 
tends to correct itself when contraction of plantar fascia has been obviated. 

It has been our custom to have 
the patient admitted to the Hospital 
and given a general anaesthetic. If the 
degree uf equinus is not very great, 
only a plantar fasciotomy and manip- 
ulation may be done, followed by ap- 
plication of a plaster cast. It may be 
necessary to do one or more manipula- 
tions at intervals of three or four 
weeks. When the fore part of the foot 
can bo readily dorsiflexed to a right 
angle or better, the patient is ready 
for the spring splint. 

When a club foot can be dorsi- 
flexed to a right angle or more, the 
recurrent tendency is greatly lessened; 
moreover, the adduction and varus 
deformities (if still present) become 
lessened spontaneously. On the other 
hand, if the degree of equinus is great, 
it may be necessary to do a lengthen- 
ing of the tendo calcaneus and a poste- 
rior capsulotomy. This procedure may 
be followed by one or more manipulations and possibly by a plantar fasciotomy as well. 

Prior to the use of this splint, the parents were then instructed in daily manipulation 
of the feet, and the patient was provided with boots. Repeated recurrence was frequent, 
until finally an arthrodesis was decided upon. 

Since the advent of the spring splint, the results in recurrent club-foot have improved 
tremendously. The splint is applied when correction to a right angle or better has been 
obtained. At the start, it is kept on night and day. No further manipulations by the 
parents, or exercises, are necessary. However, the patient is encouraged to take up roller- / 
skating, ice-skating, and skiing, because these sports all require repeated and active de- 
grees of dorsiflexion. 

Since the spring splint has been used, our operative measures and the number of 
manipulations have been greatly modified. In other words, many patients, upon whom a 
tendon lengthening would formerly have seemed necessary, now require only a plantar 
fasciotomy. The splint does the rest of the work. 

* The Denis Browne method of treating club-fooD^ still remains a highly efficient one with an ex- - 
disable number of recurrences. 
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The design of the splint is simply a lateral single bar below the knee brace, with a 
stop joint. It is fitted on our standard club-foot boot, which is a good boot with a low 
heel and a thick sole and an outside wedge of three-sixteenths of an inch on heel and sole. 
The two segments of the splint are then united b}"^ an adjustable hinge-like apparatus with 
an intervening spring. 

The sj)rings are manufactured in three sizes to suit the varjdng sizes of both child 
and splint. A great deal of difficulty was encountered at first, because the springs were 
breaking at the point of contact with the splint, due to inevitable friction. This has been 
overcome bj' removing the hook end, which was just a continuation of the spring coil, and 
replacing it with a much stronger hook. The new hook is embedded in a metal plug which 
is threaded inside the spring. 



Fic. 2-A Fic- 2-B 

Demonstration of boots for club-foot. 


The specifications of the springs, which are made of music wire, are as follows: 


Diameter of wire 
Outside diameter of spring 
Xumber of coils 
Tension at one-inch pull 


Small 
0.036 inch 
025 inch 
24 

9 lbs. 


Medium 
0.048 inch 
0.344 inch 
24 

14 lbs. 


Large 
0.064 inch 
0275 inch 
26 

22 lbs. 


Six of the medium-sized springs are used to every one of the small or large springs. 

Too much tension must be avoided, particularly at first, because of danger of a pres- 
sure sore either on the heel posteriorly or over the anterior aspect of the ankle. Additional 
methods of preventing this complication are to pad the tongue of the boot and to be sure 
that it is fii’mly laced, so that the heel is well down in place and unable to shift its position. 
The adjustable screw (Fig. 1) makes doubly sure that the tension is correct. 

This splint has also been used satisfactorily on children beginning to walk after cor- 
" rection has been obtained, but in whom inetdtable recurrence, due to lack of parental care, 
is feared. However, it is not used in the routine treatment of club feet which have re- 
sponded satisfactorily and are being well supervised. 

The reverse model of this splint has proved helpful in the treatment of a few cases of 
calcaneovalgus club feet. 


Note : The writer wishes to express his sincere thanks to the Orthopaedic Shop at the Hospital for 
Sick Children for its continuous and courteous help and expert workmanship. 

1. Thomson, S. Treatment of Congenital Talipes Equinovarus with a Modification of the Denis 
Browne Method and Splint. J. Bone and Joint Surg., 24: 291-29S, Apr. 1942. 
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BV V. SANGUIS OLMOS, AI.D., MADUID, SPAIN 
F)‘om UiC Instilulo Nucional de Itccducaciun do Invdlidas, Madrid 
PIIYSIOPATIIOLOCICAL CONSIDERATIONS 

The calcaneus foot (talipes calcaneus) is not an infrequent sequel of anterior polio- 
myelitis. It follows paralysis of the triceps surae. The following pathological phenomena 
appear as a consequence of paralysis of the sural triceps: 

1. Loss of Flexion of the Foot 

With loss of function of the calf group the gait is steady, but greatly handicapped. It 
is impossible not only to plantar-flex the foot, but also to propel the body forward. Because 
of this, it is necessary in walking that the center of gravity of the body be kept posterior 
to the ankle in order to avoid automatic extension (dorsiflexion) of this joint. Conse- 
quently, it is necessary to shorten the forward swing of the other limb. 

2. Progressive Elongation of the Triceps Surae 

As a result of stretching of the paralytic calf group, there is an increase in the range 
of passive motion of the ankle in extension. This modifies the normal physiological stim- 
ulus, which influences the bony development of the talus. In consequence, the shape of the 
talus becomes altered, and the head and distal portion of the neck assume a more elevated 
position in relation to the rest of the bone, 

3. Loss of Balance between the Plantar Muscles and the Triceps Surae 

In this condition the calcaneus may be influenced by the plantar muscles only, thus 
altering the mechanical stimuli which normally affect the growth of this bone; the part 
exposed to the plantar-traction stimulus keeps on growing, and the posterior part becomes 
atrophied. The calcaneus becomes more and more deformed, until the heel attains its char- 
acteristic form, — that of the butt of a pistol. Likewise the lever arm of the calcaneus is 
shortened. As the weight-bearing surface of the calcaneus is reduced, balance becomes 
difficult. 

4. Increase of the Talocalcaneal Angle 

In the author’s opinion, all anatomical and mechanical changes are represented by the 
increase of the talocalcaneal angle (AOC, Fig. 1). The importance of this angle was dis- 
covered by the author during a study of Professor Putti’s cases of paralytic calcaneus at 
the Istituto Ortopedico Rizzoli, Bologna. Normally, the axis of the talus, that of the first 
metatarsal, and that of the calcaneus meet at a point which we call the “axial center” 
(Fig. 1). The talocalcaneal angle has a normal value of about 50 to 55 degrees. The in- 
crease of this angle represents calcaneus deformity, and consequently the amount of this 
increase indicates the anatomical and static changes. 

5. Trophic Changes in Joint Capsules and Ligaments 

The ligaments and capsules, especially of the talotibial and subtalar joints, are af- 
fected by poliomyelitis. Consequently, there is not only an increase in the passive motion 
of these joints (flexion-extension in the ankle, pronation-supination in the subtalus), but, 
what is far more important, abnormal motion occurs. 

In the ankle, lateral movement is usually in the direction of pronation. As a result, 
growth of the external part of the talar body is less than normal. A vicious cycle of de- 
formity and abnormal mobility is established. 
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0: Axial eeutor. .-I; Axis of astragalus (talus). Fig. 2 


M : Axis of first metatarsal. C : -Axis of calcaneus. 

The axes are determined as follows: A roentgenogram is made, with the lateral surface of the foot 
resting upon the cassette. Lines are then drawn, (1) bisecting the first metatarsal, (2) from the tip 
of the posterior tubercle of the calcaneus through the deepest point on the calcaneal surface of the 
sinus tarsi, and (3) from the posterior border of the upper articular surface of the talus through the 
center of the head of that bone. 

Fig. 2: A, B, and C show the three forces which must operate to correct a calcaneocavus foot, 
after it has been placed in plantar flexion. 

In the subtalar joint, in addition to an increase of lateral movement, it is possible to 
find pathological motion of fle.vion-extension. This movement is slight; but, by means of 
hand pressure (Figs. 3-A, 3-B, and 3-C), a modification of the talocalcaneal angle can be 
demonstrated. Consequently, it is possible to speak of a calcaneal rotation, produced by 
the tension of the plantar fascia and muscles, which is added to the anatomical changes 
in this bone. 

6. Other Physiopathological Relations in the Foot 

In addition to the changes mentioned, talipes ca^’us appears frequently in the cal- 
caneus foot. The action of the plantar muscles, as well as that of the extensors of the 
gi'eat toe and the peroneus longus, can intervene in its pathogenesis. The geometrical 
representation of the ca\'us deformity is the increase of the angle formed by the axis of the 
calcaneus with that of the first metatarsus, and the division of the a.xial center (Figs. 4-A, 
4-B, 5-A, and 5-B). Likewise, when the tibiales are paralyzed, calcaneus fiat-foot may 
follow. In this case the talocalcaneal and the raetatarsocalcaneal angles are increased. 

The paralytic syndrome in the foot has more or less functional importance, according 



Fig. 3-A Fig. 3-B Fig. 3-C 

Roentgenograms of a calcaneus foot (slight deformity). 

Fig. 3-A; Normal position of the foot. 

Fig. 3-B : Increased deformity, due to pressure over the back of the calcaneus and to stretching of 
the plantar muscles. 

Fig. 3-C : Deformitj' corrected by means of pressure over the lower aspect of the calcaneus. The 
talocalcaneal angle can be modified, thus proving a pathological mobility at the level of the subtalar 
joint. In order to show clearly the space between the talus and the calcaneus, the talar axis was 
traced through the most prominent part of the posterior surface of the talus, which is seen in the 
roentgenogram. For this re.ason the size of the angle is greater than normal, because tlie talar .axis 
was not traced in the correct position (See Fig. 1). 
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Fio. 4-A Fig. -l-B 

Ciilcaueociivus foot before and after cuneiform Militalar artlirodc.ii.s. Xote tlie (b.-iplaceinont 
of the axial center, which remains in spile of tl>c fact that the liaclc of the foot is maintained in 
pli 5 '^siological position (talocalcaneal angle of 51 degrees). There exists, then, a cavus of the 
fore part of the foot, which must Idc corrected. 



Fio. 5-A Fig. 5-B 


Tracings of roentgenograms of a calcancocavus foot, before and after subtalar arthrodesis 
and anterior arthrorisis, according to Putti’s second metJiod (one year after surgical interven- 
tion) . The calcaneus deformity has been corrected. The morphology of the calcaneus and talus 
approximates normal. A slight cavus in the fore part of the foot still persists. 

to the functional condition of the limb. If the quadriceps is paralyzed, the gait is greatly 
handicapped; and, if the glutei are also paralyzed, rvalking becomes impossible. Likewise, 
if the knee is contracted in flexion, weight-bearing becomes impossible, because of the 
displacement of the center of gravity. 

All these considerations must be taken into account before treatment is undertaken. 

TREATMENT 

During Period of Recovery 

After the acute stage, postural treatment is neccssajy. The foot is maintained in 
flexion to counteract the pull of the plantar muscles. If deformity is just beginning and the 
triceps retains any force, this procedure may be sufficient to correct the deformity (Fig. 2) . 

After the Deformity Has Become Established 

The function of the triceps can, theoretically, be provided by transplantations, but it 
is necessary to consider, as Fick does, that the triceps has a force of 16.37 kilograms. The 
sum of the force of the other muscles of the leg is 6.58 kilograms. This means that trans- 
plantations can help in improving function, but they are not sufficient to avoid the patho- 
logical consequences of triceps paralysis. 

In theory, stretching of the triceps can be treated by tenodesis or by shortening of the 
tendo calcaneus; but elongation appears again, if not prevented by other means. 

Hyperextension of the foot can be prevented by arthrodesis or by arthrorisis (arthro- 
ereisis) of the ankle. After the first operation, the tibiotalar joint is rigid and the gait is 
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Fig. 6-A 
Normal side. 


Fig. 6-B 
Paraljdic side. 



Fig. 6-C Fig. 6-D 


Same patient after the operation (subtalar arthodesis, anterior arthrorisis, and transplantation of 
both the peroneal muscles to the calcaneus). 

Fig. 6-C: Plantar flexion. Fig. 6-D: Dorsiflexion that shows the action of the arthronsis. 



Fig. 6-E Fic. 6-F Fic 6-G 

Fig. 6-E: Active dorsiflexion Fig. 6-F : Active plantar flexion. 

Fig. 6-G: The weight-bearing on the fore part of the foot is satisfactori'. 
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unsatisfactory. Moreover, the calcaneus can continue to rotate, and it is necessary also to 
perform a subtalar arthrodesis. This may be indicated when the ankle possesses great 
instability and when the fore part of the foot is not deviated, in order that the mediotarsal 
joints may afford sufficient compensation. The operation of choice is the anterior bone- 
block. By this operation, passive hyperextension of the foot is prevented and the normal 
growth of the talus is permitted (Figs. 5-A, 5-B, 6-A, and 6-B) . 


PUTTl’S TECHNIQUE-'^ 

An anterior incision is made from the lower tibial epiphysis to the level of the medio- 
tarsal joint, with the foot in extreme plantar flexion. Care must be taken to avoid the 
musculocutaneous nerve. The incision is then carried inward, between the extensor digi- 
torum communis and the extensor hallucis longus. The anterior tibial artery and nerve 
are retracted medially with the long extensor of the great toe, thus exposing the capsule of 
the ankle joint. Formerl}'- Putti opened the joint; later this exposure was abandoned in an 
effort to avoid traumatic joint changes. Immediately distal to the capsular attachment to 
the talus, a curved osteotome is gradually introduced into the bone in the horizontal plane. 
As the instrument penetrates the cancellous bone, an upward prying force is gently 
imparted to it. It is generally sufficient to ostcotomize the bone to a depth of 1.5 centi- 
meters. 

The lamina thus created is pried up cautiously as far as possible. With reasonable 
care, fracture can be avoided. Of the forty-odd cases in the author’s experience, fracture 
has been avoided in all. This is attributed to two factors: first, the gentle upward prying 
with each successive penetration; and, second, the thickness of the osseous lamina, which 
should not exceed three millimeters. 

When a block, sufficient to limit dorsiflexion of the foot at the predetermined angle, 
has been obtained in this way, a cancellous bone graft is impacted into the osteotomy slot, 
while the blade of the osteotome is still in place. The blade is then withdrawn. The graft 
used has been prepared previously, at the time of the subtalar arthrodesis. 

Tendon transplantations are performed at this point, if indicated. 

In the author’s modification of the operation, when the talus is in the valgus position, 
correction is obtained through greater lateral elevation of the lamina. The plaster cast is 
worn for three months, maintaining the foot in equinus, or in equinovarus when the modi- 
fication has been performed. Exercises and progressive weight-bearing are then permitted, 
the patients walking with crutches. 

In time, the block attained at operation decreases; but, under the stimulus of Avciaht- 
bearing, the bone becomes hypertrophied, and sufficient check can be expected if weight- 
bearing is controlled. Excessive weight-bearing before organization of the elevated bone 
tends to lower the block and results in too much dorsiflexion. On the other hand, a slight 
amount of weight-bearing — such as for five or ten minutes daily — actually stimulates the 
bone and hastens the remodeling of bone structure until this becomes adequate. This may 
require from two to four months of careful supervision, during which time weight-bearing 
is progressively increased. 

The typical deformity of the heel is easily corrected, and may be prevented by sub- 
talar arthrodesis, which also reestablishes the normal value of the talocalcaneal angle. 
Usually the arthrodesis should be wedge-shaped; the quantity of the wedge to be extirpated 
is indicated roentgenographically by the opening value of the talocalcaneal angle. More- 
over, subtalar arthrodesis prohibits pathological motion in this joint, and makes the sup- 
port stable and the gait more secure. The lateral motion in the talocalcaneal joint is treated 
by the modified arthrorisis of Putti. In this modification, the lateral portion of the upper 
articular surface of the talus is raised, thus correcting the valgus (Figs. 6-C to 6-G) . 

Mention should be made of the associated paralysis of the quadriceps femoris. If 
passive hyperextension of the hip and the knee had been present prior to operation, this 
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Fig. 7-A Fig. 7-B 

Roentgenogram and photograph of a ealcaneovalgus foot three years after subtalar and 
mediotarsal arthrodesis and anterior arthrorisis. 


condition was automatically corrected mechanically by the arthrorisis, pro^•ided it blocked 
the ankle at 100 degrees. This was demonstrated by Putti. 

END RESULTS 

The series presented herewith has been taken from a group of fifty cases of paratytic 
calcaneus foot obseiwed in the Hospital Central de la Cruz Roja de Madrid and in the 
Instituto Xacional de Reeducacion de Invdlidos, Madrid. Twenty-five patients were op- 
erated upon; twenty-one were suitable for arthrorisis, which in thirteen was anterior, and 
in eight anterolateral. In order to correct such conditions as valgus, varus, or caMis de- 
formities, or claw-foot, calcaneocuboid and talonavicular arthrodeses have in some cases 
been necessary, as well as tendon transplantations. Seventeen of the twenty-one patients 
have been considered satisfactory for end-result study from the standpoint of time and 
proper follow-up. 

In all of the seventeen patients, subtalar arthrodeses were performed; in seven, trans- 
plantations of the peronei were possible. Peroneal transplantations will probably be per- 
formed later in a number of these cases, when the children are sufficient!}- mature to co- 
operate in reeducation of the transplanted muscles. Their ages varied from four to fifteen 
years, with the majority between five and thirteen years of age. 

Examination by the author of the series of cases operated upon by Putti disclosed 
uniformly good results when the extra-articular technique had been employed properly, 
and the after-care could be carried out. These patients had been operated upon many years 
before. In them no osteo-arthritic changes were found, and the full mechanical effect of 
the bone-block proved to be lasting. 

The end results have been considered from the standpoints of form and function. 
Results have been considered to be “good”, morphologically, when the foot was of ap- 
pro.ximately normal appearance clinically, and by roentgenogram the talocalcaneal angle 
was shown to be between 50 and 55 degrees. The result is recorded as “poor” if there was 
valgus, varus, or a flat foot. 

Functional results have been estimated with consideration of the muscle power pres- 
ent before operation. A patient, lacking muscles suitable for transplantation, was con- 
sidered to have a good end result when dorsifle.xion at the ankle was limited at 90 degrees. 
The result was also considered to be “good” if a patient who had “fair” transplanted mus- 
cles, subtalar arthrodesis, and anterior arthrorisis could walk “over the toes” fFig. 6-G) . 

The result is considered “poor” if the block corrects dorsiflexion of the ankle at an 
angle, formed by the long axis of the leg and the foot, which is less than 90 degrees. If 
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paralysis of the quadriceps exists and the bone block docs not arrest dorsiflexion at the 
ankle at from 90 to 100 degrees, the arthrorisis will not result in hyperextension of the 
knee in walking, and the result is considered poor. 

The author’s series is too recent to justify final conclusions in these respects. Six 
patients were examined four years or more after arthrorisis. Of these, four, or 67 per cent., 
are considered to have functionally good results; in two, or 33 per cent., the results are 
poor. Eleven patients were examined from one to three years after arthrorisis; provi- 
sionally, the results in nine, or 82 per cent., were considered good, and in two, or 18 per 
cent., poor. The poor results in both series of eases are due to insufTicicnt bone-block, and 
a second operation has therefore been performed on these patients. The second operation 
was not technically difficult. 

No arthritic changes or abnormal growth of the lower tibial epiphysis has been 
observed as yet in this series. INIorphologically, all patients are considered to have attained 
good results. 
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treat:ment of congenital flat-foot ^ 


BY JAMES E. M. THOMSOX, M.D., LINCOLN, NEBRASKA 

The medical profession has been criticized for lack of recognition and adequate correc- 
tion of many, disabilities ivhich shoived up in Aiany inductees who appeared before Selec- 
tive Service examiners. Among the common foot disabilities was symptomatic flat-foot, 
in various degrees of severity. The questions which are frequentty raised with respect to 
the foot complaints of the adolescent and young adult are as follows: 

1. Why should healthy-looking, well-developed young men be afflicted with poor 
feet? They maj" or may not have a long histoiy of foot trouble. Sometimes their symp- 
toms are attributed to military training.* 

2. Would it be reasonable to suggest that thej’- had from babyhood exercised and 
developed their musculoskeletal system normally, with perhaps the exception of their feet? 

3. i\Iight it not be possible to develop criteria bj* which one might early (before 
walking is begun) recognize those feet which might be potentially weak or show prona- 
tion? To investigate such a problem, the pediatrician must look for and recognize physical 
anomalies and evidences of weakness in the baby’s foot and realize that, just because a 
child does not have club-foot, he does not necessarilj' have normal feet. 

Several frequently observed characteristics of the infant’s foot, which seem to bear a 
definite relation to future foot weakness or to act as potential forerunners of flat feet, will 
be discussed. 



Fig 1 Fig. 2 

Fig. 1; Congenital weakness of the foot is readily recognized by hyperfle.xibihtj', particularly 
the ease of ability to place the dorsum of the foot in the calcaneovalgus position against the leg. 
Fig. 2 ; Pronounced pronation and eversion are shown as the child crawls. 


Some infants have abnormal mobility of the foot in all directions, and a particular 
fondness for an everted calcaneovalgus position. These babies have the tendency to throw 
their feet, while kicking, from a varus to an e.xtreme calcaneovalgus position. Usually the 
dorsum of the foot can be brought manually, without force, against the anterolateral part 
of the leg (Fig. 1). These babies are often belly sleepers, and in this position they habitu- 
ally evert their feet. When they learn to sit, they assume a position of abduction,' with the 

. *Ilead by J. Warren White, MX)., at the Annual Meeting of The Amencan Orthonaedic 
ciation. Hot Springs, Virginia, June 27, 1W6. 
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knees jflexed and the feet everted. The eversion of the feet is exaggerated during crawlini 
(Fig. 2). When the infant begins to walk, the legs rotate outward, and pronation am 
eversion of the feet are thereby exaggerated (Fig. 5-A) , 

On the basis of five years of observation, the author believes that the characteristic! 
described above constitute a distinct objective entity, which signifies congenital weaknes! 
of foot structure. These findings arc far more common than is realized. The deformity 
accompanying the manifestations may to a certain extent be overcome by growth, develop- 
ment, and activity of the child, or by late recognition and adequate therapy. AVe believe 
however, that many of these children have “foot complaints” at some time before or aftei 
adolescence. 



Fig. 3 Fio. 4 

Fig. 3 : Sketch of the reverse Denis Browne splint, with the bend of the bar toward the crotch. 

Fig. 4: Shoes with toes cut out are used for older children. When the child begins to walk, the 
splint is used at night. 


TREATMENT 

For some years the author has used the Denis Browne splint in certain cases of club- 
foot, with satisfactory results. In one instance of a unilateral club foot, the opposite foot 
was abnormally mobile and had a tendency to calcaneovalgus posture. In this case an 
attempt was made to turn the varus foot out and the valgus foot in by means of the same 
splint. An S-shaped cross iron was prepared so that the club foot was on the down side 
and turned out and the valgus foot was on the up side and turned in. As the child exercised 
the legs and feet in order to correct the club foot, the valgns foot became more Amarus and 
stable. It is difficult to tell now, after three years, which is the varus and which the valgus 
foot. 

This experience led to the use of a Denis Browne splint in reverse for the treatment 
of congenital talipes calcaneovalgus. Instead of having the cross bar bend away from the 
crotch as it does in the correction of club-foot, it is bent toAvard the crotch ; and instead of 
the foot plates being turned out, they are turned in. Therefore, this treatment is referred 
to as the reverse Denis Browne splint (Fig. 3) . 

TECHNIQUE 

1. As in the treatment of club-foot, the earlier a foot Aveakness is recognized, the 
shorter is the period of treatment and the more gratifying the result. Therefore, the 
optimum time to begin treatment is when the infant is from one to three months of age. 
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2. The foot plates are strapped on after the foot has been painted with compound 
tincture of benzoin; strapping is carried out exactly the same as for club-foot. Because of 
the usual hyperfle.xibility of the foot, it can be inverted in e.xtreme correction on the bar, 
which is bent toward the crotch. A masking tape (made of crepe paper), thi-ee-quarters 
of an inch wide, when reinforced bj' one-inch cotton bandage, is tolerated longer by the 
skin than is adhesive tape. Re-strappings are made every one to three or four weeks. 
The feet are watched carefully between strappings. 
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Fig. 5-A Fig. 5-B 

Fig. 5-A ; A child, ten months old, has pronounced foot weakness. 

Fig. 5-B; Same child, at age of four years, has strong feet. Splints were worn for four months 
during the day, and then used only as mght splints. Child wears mildly corrective shoe. 


ciently to take a hard-soled shoe (size one or two), the shoes are riveted to the plates. 
The toes of the shoes are always cut out to allow penetration of air and freedom of motion 
(Fig. 4) . A carefully trimmed, well-fitted, soft sponge-rubber pad is pasted in the shoe to 
follow the normal longitudinal contour of the arch. Its purpose is much the same as that of 
overcorrection of clubbing by the wedging of casts. The aim is to promote the normal 
contour of the foot by a mild lift in this region during muscular activity. The child is seen 
every month or two during the next six or seven months; and, as the foot increases in size, 
the shoes are changed on the plates and the cross bar is lengthened. Splints are removed 
daily for bathing and massage and for an hour 


or so of freedom. 

4. At the age of ten or twelve months the 
child is fitted with walking shoes. Again, longi- 
tudinal soft pads are fitted and are glued into 
the shoes. Sometimes a lift inside the heel is 
advisable. The child is encouraged to take his 
first steps. When the child has his nap and at 
bedtime, the reverse Denis Browne splint is 
put on and its use is continued until the child’s 
foot shows a normal response to all exercises 
and activities. The length of time, of course, 
varies for every patient. When the treatment 
is started early, the splints are often dispensed 
with between the ages of one year and fourteen 
months. When treatment is started late, night 
splints have been required even up to two 



Fig 6 

Denis Browne splint treatment was recom- 
mended when this child was six months old, but 
It was refused. At four years, the patient com- 
plains of his feet and shows marked weakness. 
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years of age. Heel lifts, Thomas heels, and sometimes soft pads inside the shoe inusl 
be continued indefinitely. Exercises after three years of age are most valuable when there 
is proper parental coopei’ation. 


COMMENT 

Faulty posture, instability, and abnormal mobility are all aggravated by habit. 
When these characteristics are combined with congenital weakness of the infant foot, the 
condition must be corrected by the following means: Proper muscle activity in the right, 
or overcorrected, posture must be developed and new habits of the intrinsic foot muscles 
as well as of the extrinsic leg muscles must be created. Furthermore, by the apparatus 
described, which encourages proper muscle activity in a corrected position, the weakness 
can be overcome and the defects can be corrected. 

Over fifty patients from one to four years of age have been observed, and the results 
have been uniformly gratifying (Figs. 5-A and 5-B). In a smaller group of control cases, 
the arduous ordeal of the splint treatment was refused. Most of these children, although 
still quite young, have pronated valgus feet and several are already symptomatic (Fig. 6). 
A few, however, have developed fairly normal feet. The question, of course, remains as to 
what will happen to these patients later in life. 

Since the congenital club foot is usually a foot with limited possibilities, many of the 
congenital fiat feet which have been treated, although they look normal, may require con- 
tinuous supportive measures and c.xercise in order to maintain normal function. 


DISCUSSION 

Db. Lenox D. Bakeu, Dubha.m, Nobth Carolina: Dr. Tlionison dcsi-nbed the use of the Denis 
Browne splint in the treatment of calcaneovaigus deformities of tlio foot in one of Ids Orthopaedic Cor- 
respondence-Club letters. During the past year we have used the splint, as suggested by Dr. Thomson, 
and have been most pleased with the early results. The splint has its limitations; it is of little or no use 
in the foot with a long talus, and it is of little permanent benefit in a foot with an accessory navicular. As 
Dr. Thomson has pointed out, its greatest use is in the uncomplicated calcaneovaigus deformity. The 
splint brings about an early correction of the valgus deformity ; and in many of our cases we have seen 
a rapid return of active inversion, and have seen the posterior tibial and the abductor of the great toe 
brought back into active participation in the motions of the foot. 

Dr. J. Warren White, Greenville, South Carolina (closing the discussion in the absence of Dr. 
Thomson) : I find no points of disagreement with Dr. Thomson’s data, and onb^ wish to mention a 
simple expedient, which in my hands has been most useful as a supplementary procedure. 

Some parents, as Dr. Thomson has inferred, refuse to permit the use of a splint of this nature before 
the child begins to walk, particularly because the abnormality — one cannot call it a deformity — seems 
so trivial. 

The reverse Denis Browne splint is much simpler than the plaster casts which we have all been using 
on the severe cases. Since Dr. Thomson described the procedure in his Correspondence-Club Letter, I 
have been using it when necessary, concluding the treatment, however, with a yet simpler procedure, 
which has been used solely in the mild cases. 

In those instances, therefore, where an even more conservative method may be desired, I have been 
sticking together the soles of these infants’ hypermobile flaccid feet with a commercial adherent or com- 
pound tincture of benzoin, and holding them with a two-inch elastic bandage. In many instances we 
tend to neglect treatment in children with everted feet, and it is particularly in these cases that the sole- 
to-sole position for maintaining equinovarus is indicated. 

We hold the soles together until the child maintains the inverted position most of the time, which is 
usually in three or four months. There has been no objection to the method on the part of the parents. 
They are afraid of a splint, but will tolerate putting the feet together. 

We all are indebted to Dr. Thomson for calling to our attention the need of doing something 
about these functionally disordered feet, and for suggesting a practical method for the correction of the 
severe cases. 
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INTERNAL FIXATION OF TROCHANTERIC FRACTURES OF THE FE:MUR 

Report of 103 CoxsEcuTn-E Cases 

BY ROBERT M. O’bRIEX, M.D., JAMES C. SHY, M.D., AXD XORBERT J. BtTBEIS, M.D., 

ST. LOUIS, MISSOURI 

From the Department oj Orthopaedic Surgery, St. Louis University, and the 
Orthopaedic Service of the St. Louis City Hospital 

During the past feB* years, considerable interest has been shoB'n in the operative 
treatment of trochanteric fractures of the femur. In many clinics, this treatment has 
become almost as standardized as the operative fixation of fractures of the neck of the 
femur. 

The pm'pose of this paper is to present a satisfactoiy operative technique, and to 
point out the advantages of operative treatment, — loB'ered moitality, shortened con- 
valescence, and improved anatomical and functional end results. 

The authors’ conclusions are dranm from experience gained in the operative treat- 
ment of 103 consecutive cases on the Orthopaedic Seifice of the St. Louis City Hospital. 
Excluded from this report are three patients B'ho refused surgery and four B'ho, for reasons 
other than the fractures, B'ere moribund on admission. 

The average age of the patients in this series B'as 70.6 years. The youngest patient 
B-as fifty-tB’o years old; the oldest B'as eighty-nine. 


T.^lBLE I 

Types of Ax.^esthetics Used 



Number 
of Cases 

Number 
of Deaths 

Mortality 

(Percent.) 

Spinal anaestheaa 

29 

4 

13S 

Ether (drop) 

10 

2 

20.0 

Pentothal sodium and nitrous o.Kide 

Si 

3 

S.S 

Local anaesthesia 

30 

13 

43.4 

Totals 

103 

22 

21.4 


ax.aesthesla 

Table I illustrates the types of anaesthetics and their relation to mortalitY*. Note- 
B'orthy is the mortality rate of 43.4 per cent, for local anaesthesia, as compared with 8.8 
per cent, for pentothal sodium and nitrous oxide. These figures do not represent selection 
of cases. In the early part of the series, local anaesthesia B'as used almost entirely' in the 
belief that it B'as to be preferred in this age group. The results did not justify this opinion. 
Insufficient relaxation, incomplete loss of sensation, and operative shock undoubtedly 
contributed to the high mortality associated B'ith local anaesthesia. 

Because the results B'ith local anaesthesia B'ere not satisfactorj-, the combination of 
pentothal sodium and nitrous oxide B'as used. Reduction of the fracture B'as carried out 
under pentothal anaesthesia. The operation B'as then begun, and 50 per cent, nitrous oxide 
B'as given, B'ith just enough pentothal to keep the patient in light anaesthesia. Rarely has 
it been necessarj' to give more than a total of one gram for the entire procedure. Although 
some of the poorest operative risks B'ere included in the pentothal group, the mortality rate 
dropped to 8.8 per cent. 

OPER.YTH'E TECHNIQUE 

The use of an orthopaedic fracture table is desirable, particularly B'hen the fracture 
is badly comminuted or the surgeon is inexperienced in this procedure. In all of the cases 
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in this series the operations were performed on this type of traction table, with the fol- 
lowing technique: 

After the patient has been anaesthetized, both legs are fastened in abduction to the 
traction apparatus of the table. SulTicient mechanical traction is then applied to the 
affected leg in full internal rotation to produce a valgus reduction. 

Portable roentgenograms are now made in the anteroposterior and lateral planes. A 
curved cassette for the lateral view and a wooden jierineal post facilitate roentgenography. 

AYhen the adequacy of the reduction has been proved by roentgenogram, the base of 
the greater trochanter is palpated; and an incision is made, from the trochanter downward 
for about six inches, on the posterolateral aspect of the thigh. Curving the superior and 
inferior ends of this incision slightly forward will expedite medial retraction of the soft 
tissues. The fascia lata is incised, and the shaft of the femur is exposed, either by cutting 
directly through the vastus lateralis or by reflecting its origin from in front of the greater 
trochanter and the linea aspera. The periosteum is elevated, and a half-inch hole is care- 
fully drilled through the proximal femoral cortex, care being taken not to shatter the bone 
and thus complicate the situation by creating a subtrochanteric fracture. This hole is 
made at, or slightly above, the level of the lesser trochanter. 

A Kirschner wire, three thirty-seconds of an inch in size, is now directed through this 
opening, upward into the neck and head of the femur. Roentgenograms check the position 
of the wire. If necessary, adjustments arc made. By measuring the length of wire pro- 
truding from the femoral shaft, the operator can select a blade-plate of the proper length. 
In most cases, the length of the cervical element of this plate will be three inches or less. 
With the wire as a guide, the blade-plate is driven into the femoral head. 



Fig. 1-A 

Fig. 1-A; Mrs. D. R., aged seventy-five. Patient 
had a comminuted intei trochanteric fracture. 

Fig. 1-B; Six weeks after mteinal fixation with 
Neufeld nail-plate. 


Fig. 1-B 
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Fig. 2-A 

Fig. 2-A: Mrs. M. B., aged seveaty. Shows 
the intertrochantenc fracture, immediately after 





i t 



Fig. 2-B 


operatioQ, held m good position by a Xeufeld nail-piate. 

Fig. 2-B; Roentgenogram taken not quite four -weeks later. Bending of the plate has occurred 
at the upper screw hole It is possible that this accident might have been avoided if a screw had 
been placed in this hole. 



Fig. 3-A Fig. 3-B 

Mr L O This itient hetran full weicht-bearina on his own resnonsibihtv, before sohd union 
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A third set of roentgenograms verify the position of the blade If satisfactory, the 
plate portion is Gxed to the femoral shaft with screws, the diameter of which should be at 
least one sixty-fourth of an inch greater than that of the drill points used. The screws 
must firmly engage both cortices of the bone. A depth gauge is invaluable in selecting 
screws of the proper length. 

The wound is closed in layers. A hea\'y pressure dressing with an elastic-bandage 
spica of the hip is helpful in controlling muscle and bone bleeding after operation. 

The operation, including time for roentgenograms, usually requires about one hour 
and a half. Efforts to shorten the procedure by omitting roentgenographic control will 
often result in prolonging the operation, and may end in disaster. 

Since this series was completed in March 1945, the operation has been performed on 
seventy-four additional patients on this Service, bringing the total to 177. Beginning in 
July 1945, a shorter operative method' has been used in many instances. The procedure 
is carried out on an ordinary operating table, without the guide wire, and roentgenograms 
are taken only to check the final position of the nail-plate. This technique will cut the 
operating time in half, but should be used only by sui-geons who are familiar with the 
operative treatment of trochanteric fractures. 

TYPES OF INTERNAL FIXATION 

The type of internal fixation to be used depends upon the choice of the operator and 
the nature of the fracture. In this series, the Neufeld femoral nail-plate was used in ninety 
cases, the Moore blade-plate in eight, and the Smith-Petersen nail with the Thornton 
attachment in five patients. In the authors’ hands, the one-piece nail-plate was simpler 
and easier to use than the combination of the Smith-Petersen nail and the Thornton plate. 

The V-shape of the Neufeld nail possesses two advantages: It will not cut out of the 
femoral head, and it will follow a guide wire more closely than the Moore type. Theo- 
retically, the V would seem to weaken the nail-plate at its angle. In the ninety cases of 
fixation with the Neufeld nail in this series, the nail-plate did bend at its angle in one case. 
In two other patients, bending occurred just below the angle, at the upper screw hole 
(Figs. 2-A and 2-B) . 

The eight Moore blade-plates used had flat, straight blades. This feature permits 
adjustment of the angle with special bending irons, and possibly overcomes some of the 
angle weakness. The flat blade has a tendency to cut out of the head, however ; this hap- 
pened in one case. The newer type of blade-plate, which is convex on its superior surface, 
will probably overcome this objection, although neither type will follow a guide wire as 
well as the Neufeld nail. 

POSTOPERATIVE CARE 

On the day after operation the outer elastic bandage is removed, and the patient who 
is a poor risk may sit up in a chair. The average patient is allowed up in a chair after 
about five days. Partial weight-bearing on crutches is begun at the end of six weeks ; full 
weight-bearing is not permitted until there is demonstrable roentgenographic evidence of 
union. This is usually in about four months. 

Quadriceps-setting exercises and flexion exercises of the hip and knee are begun on 
the first day after operation. Since these exercises are an important feature of the post- 
operative care, they must be constantly enforced and supervised. 

The early freedom of movement possible after operative treatment is a tremendous 
advantage. The incidence of pneumonia and of decubitus ulcers is reduced markedly, and 
the psychological stimulus to the patient is inestimable. 

COMPLICATIONS 

The usual postoperative complications of any surgical procedure tend to occur. As 
a group, however, these patients have done exceedingly well, despite their age. 
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Fig. 5-A , Fig. 5-B 

Fig. 5-A; Mr. J. V., aged sixty-eight. Shows intertrochanteric fracture, held in satisfactoiy posi- 
tion by a Neufold nail-plate. However, the nail has been placed too near the articular surface of 
the femoral head. 

Fig. 5-B : Roentgenogram, taken six months later, sliows the proximal end of the nail protruding 
into the hip joint. A shorter nail would have averted this frequent, but preventable, complication. 


Bending of the nail-plate has been mentioned^ In one case, a year after operation, the 
patient had a serious fall, which caused the nail-plate to break just below the angle, anc 
produced a displaced subtrochanteric fracture. On his own responsibility, another patient 
began full weight-bearing before union had occurred, and the nail-plate broke three 
months from the date of operation (Figs. 3-A and 3-B). 

An important preventable complication is medial protrusion of the cervical portior 
of the nail-plate into the hip joint. This happened ten times in the earlier part of this 
series. Some degree of medial migration of the nail-plate was present in many more case; 
(Figs. 4-B, 5-A, and 5-B) . 

Screw fixation of the plate to the femoral shaft prevents extrusion of the nail pari 
from the femoral head. If bone absorption with shortening occurs, the nail tends to in- 
crease its penetration of the femoral head. To forestall this difficulty, the authors have 
adopted the standard that, after the nail has been placed, there should be at least one- 
half inch between the medial end of- the nail and the articular surface of the head ol 
the femur. A nail-plate whose cervical element is longer than three inches will rarely be 
required. 

MORTALITY 

In the group of cases studied there were twenty-two deaths, — a mortality rate of 21.4 
per cent. In a similar series of operated cases described by Taylor, Neufeld, and Janzen, 
the mortality rate was almost identical, — ^21.6 per cent. In sharp contrast to these figures 
is the mortality rate of 39.2 per cent, reported by Leydig and Brookes for 302 trochanteric 
fractures treated conservatively at the St. Louis City Hospital several years ago. Harmon 
describes a mortality of 39 per cent, in 164 patients treated by non-operative methods. 
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RESULTS 

In this series of 103 cases, twenty-two patients died. A follow-up of from one year 
to two and one-half years was possible on fifty of the eighty-one survivors. 

The authors classed as “e.xcellcnt” the results in those patients who had normal mo- 
tion of the affected hip and knee, normal gait, no pain, good anatomical restoration by 
roentgenogram, and ability to return to their usual duties or occupations. In this group 
there were twenty cases (40 per cent.) . 

Classified as “good” were the results in those patients who had subjective complaints 
or slight limp, but walked without a cane or crutch and performed the same occupation 
as before injury. This classification included eleven persons (22 per cent.) . 

In eight cases (16 per cent.) the results were considered "fair” because, although 
weight-bearing on the affected extremity was normal or nearly normal, the patient walked 
with the aid of a cane or crutch. 

Those patients who were unable or unwilling to bear any weight on the fractured ex- 
tremity were classed as having "poor” results. In this category were eleven, or 22 per cent. 

Dealing as we are with a group of individuals whose average age was 70.6 years, and 
including persons up to eighty-nine years, it is evident that the usual methods of classify- 
ing end results of fractures wilt be necessarily misleading, since they do not consider 
factors, other than the actual fracture, which might cause poor results. In this series, 
senile dementia, general debility of the aged, and coexistent disease compromised the 
results in many cases. 

Of the eight patients whose results were considered only “fair” because each used a 
cane or crutch, most had excellent anatomical results on the basis of physical and roent- 
genographic examinations. The authors believe that, for at least some of these people, 
the cane or crutch was unnecessary; and its use was often the expression of habit or desire 
for security on the part of an elderly person. 

Of the eleven cases in which the results were designated as “poor”, the authors believe 
that only one represented a failure of the method; in this patient, marked bending of the 
nail occurred. In four others the results were due to faulty technique — usually the use of 
too long a nail — ^i\'hich resulted in subsequent penetration of the nail into the hip joint or 
the acetabulum. The six remaining poor results were failures, in most instances, for rea- 
sons other than the fractures. One patient had rheumatoid arthritis and was confined to 
a wheel chair. One had metastatic carcinoma. Others had advanced senile dementia and, 
in spite of good clinical results from the fracture treatment, simply refused to attempt 
to walk. 

Disregarding other factors, of the fifty patients followed, thirty-seven ("74 per cent.) 
had excellent results from the standpoint of good anatomical restoration by roentgeno- 
gram, and normal, or nearly normal, motion of the affected hip and knee. 
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PAGET’S DISEASE 

A Statistical Study of Eighty-Two Cases 


BY FBANK W. NEWMAN, M.D., PIIILADELI’HIA, PENNSYLVANIA 

A review of the case records at the Ilospital of the University of Pennsylvania for 
the fifteen-year period between 1931 and 1945 revealed eighty-two cases of Paget’s disease 
in a total of about 127,000 histories, or an incidence of between 0.06 and 0.07 per cent. 
Forty-six cases, or 56 per cent., were admitted as medical cases; the remaining 44 per cent, 
were admitted as surgical cases. 


INCIDENCE 

Sex and Age 

The incidence of the disease shows an almost equal distribution between men and 
women, — thirty-nine men and forty-tlirec women. The age incidence is shown in Table I, 
which illustrates and corroborates the well-known fact that Paget’s disease occurs pre- 
dominantly in late middle life. In only three of the cases in this scries was the onset 
within the first four decades of life. The youngest patient was a woman, twenty-one years 
of age, whose clinical picture was confused by the presence of syphilitic osteitis. 

TABLE I 

Aok .\t Onset of Sy.mi’toms 

Number of 


Years Patients 


Under 40 3 

40 to 49 9 

50 to 59 21 

60 to 69 29 

70 and over 20 


Total S2 


Familial Incidence 

None of the patients in this series gave an authentic history of Paget’s disease in 
either the parents or the grandparents. There was, however, one patient whose sister had 
a large head and may be presumed to have had Paget’s disease, although her record is not 
included here. 

Special attention was paid to the incidence of diabetes mellitus, gigantism, and 
hyperparathyroidism in the family histories. Four patients had family histories of dia- 
betes, but no cases either of gigantism or of hyperparathyroidism were reported in the 
families of these patients. 


CLINICAL findings 

Chief Complaint 

Patients with Paget’s disease are often not aware of the disease for many years, and 
their admission to hospitals is often due to unrelated conditions. In this series, only 
twenty-nine patients entered hospitals because of pain in a part of the body where the 
bones were found to show pagetoid changes. Two patients complained chiefly of de- 
formity, and eight others had chief complaints related to cranial nerves in areas found 

* Read at the meeting of the Philadelphia Orthopaedic Club, March 14, 1946. 
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TABLE II 

CniEt' CoMPL-UNTs OX Admission 


Symptoms 

Pain iu the affected bones 

Visual or audilorj- disturbances 

Cardiac disease 

Epigastric distress or gaslro-intestinal disease 

Urinarj'-tract disease 

Diabetes mellitus 

Bone deformities 

Other conditions 


Total 


Number of 
Patients 


29 

8 

6 

6 

4 


2 


82 


to have pagetoid changes. Thus we have a total of only thirty-nine patients, or less than 
48 per cent, of the cases, whose chief complaints were closely related to the existing 
Paget’s disease. 

In the remaining 52 per cent, of the cases, Paget’s disease was an incidental finding. 
Of this group, there were six patients whose chief complaint was a cardiac condition, six 
with epigastric distress or gastro-intestinal disease, four with primary urological prob- 
lems, and two with diabetes (Table II). 

Bones Involved 

Twelve patients, like those described by Groh, were found to have only one bonj* 
structure involved. (The lumbar spine is considered to be “one bony structure" and so is 
the pelvis.) The pelvis was involved in twenty-nine cases, the skull in twenty-five, the 
spine in sixteen, the femur in seventeen, the tibia in seven, the humenis in two, and the 
radius, fibula, and metacarpals each in one case (Table III), 


TABLE III 

Boxes Affected by P.aget’s Dise.ise 


Location 

Number 



SkuU 


Spine 


Femur 


Tibia 


Humerus 

9 

Radius 

1 

Fibula 


Metacarpals 



LABOR.ATOBY FINDINGS 

Calcium and Phosphorus Levels in Blood Serum: In thirty-six of the patients the 
calcium and phosphorus in the blood serum were determined. The calcium ranged from 
9.4 milligrams to 12.2 milligrams per 100 cubic centimeters. The phosphorus levels ranged 
from 2.6 milligrams to 6.75 milligrams per 100 cubic centimeters. This is in accord with 
the findings of Sugarbaker and of Gutman, Tyson, and Gutman, who have stated that the 
values of seimm calcium and phosphorus are rarely disturbed in Paget’s disease. 

Serum-Phosphatase Levels: Serum-phosphatase levels varied from a low normal of 
0.8 Bodansky units to a high of 175 units. Acid-phosphatase levels varied from a normal 
low of 0.1 unit to 2.0 units; alkaline-phosphatase levels varied from a low normal of 2.6 
units to 48.8 units. Although the alkaline-phosphatase determination was made in only 
nine cases of the present series, a definite elevation was demonstrated in six cases. This 
test is, therefore, considered the most useful of all laboratorj^ procedures in current use 
in this institution for making the diagnosis of Paget’s disease. 
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Boentgenographic Findings: In almost every case of this series the diagnosis was 
made on the basis of roentgenographic findings, which were usually described as “coarse 
trabeculations, osteoblastic lesions, osteolytic lesions, thickening of the cortex, new-bone 
production, bone destruction, cotton-wool appearance, marked degenerative changes, and 
areas of increased or decreased density”. Often the roentgenologist assumed a familiarity 
with the typical appearance of the disease and merely stated that the bones showed 
pagetoid changes. The conditions with which the diagnosis may be most easily confused 
are metastatic new growths, particularly mctastascs from the cancerous prostate 



Fig. 1-A 

Case 2, Mrs. E. S. Roentgenograms show Paget’s disease of tibia, undergoing sarcomatous 
degeneration. 


THE JOURNAL OF BONE AND JOINT SURGERY 


Paget’s disease 


801 


TABLE IV 

Bones in IV high Fractures Occurred 


Location Xumber 


Femur . 

Humerus 
Tibia .. 

Pelvis . 

Radius 1 


9 

■1 

2 

2 


COMPLICATIONS 

The complications of Paget’s disease, in the order of their frequencj’^ in this series, 
are as follows: (1) cranial-nerve pressure, (2) fractures, (3) urinary calculi, and (4) 
sarcomatous degeneration. 

Cranial-Nerve Pressure: Twenty-two patients, or 26.8 per cent, of the total number, 
had defective visual or auditory apparatus. Twenty of these patients had auditory diffi- 
culties and two had visual disturbances. Before making any final conclusions as to the 
etiology of these eye and ear conditions, it would be necessarj’^ to have the help of oph- 
thalmologists and otologists in ruling out those due to arteriosclerosis and other causes. 

Fractures: Fractures occurred in fifteen patients, or 18.3 per cent, of the total (Table 
IV) . At least nine were pathological, — that is, fractures through bone which, because of 
Paget’s disease, had less than normal strength. From the records available®, it appears 
that only one of the fractures failed to unite within a reasonable period of time. 

Urinary Calculi: Whether or not calculi in the urinary tract should be considered a 
complication of Paget’s disease is debatable®. In the present series this condition occurred 
in four patients, an incidence of 4.9 per cent. 

Sarcoma: The incidence of osteogenic sarcoma or chondrosarcoma in Paget’s disease 



Fig. 1-B 

Photomicrograph of biopsy specimen of tibia (X12o). Shows bone changes typical of Paget’s disease. 
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Fig. 1-D 

Photomicrograph of biopsy specimen (X242). Shows chondrosarcoma. 
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IS usuallj' said to be about 7 per centd-®. The incidence in the present series is considerably 
louer. Tliere were only two ca&es of proved sarcoma, or 2.4 per cent. A brief resume of 
these tw'o case histories follows. 

C\bE 1. Mis. J. D. w.is a wiutc wom.ui, fifty-three jears old, who came to the Hospital complaining 
th.it a painful swelling of the light knee had poisisted for three oi four months She had noted no redness 
01 local heat, and had no systemic icaction Befoie studies weie completed, she went to another hospital, 
where a diagnosis of chondrosaicoma w.is made and the e%tiemity w’as amputated Microscopic study 
of the amputated specimen confiimed the diagnosis of Paget's disease with superimposed chondrosarcoma 
The patient remained fiec fiom fuithei complaints until about elecen months after operation, when a 
persistent cough ag.iiii brought her to this Hospital Roentgenograms at this time recealed metastases 
in the lungs Eight months latei the patient died Sui\i\al after amputation was about twenty months. 
Xo autops}’ was done. 

C\se 2. Mrs E S was a white woman, seccnty-thiee years old, who came to the Hospital complain- 
ing of a painful swelling of the left leg, just below the knee, which had been present for six or seven 
months Roentgenograms weie repoitcd ,is -bowing “typical changes of Paget’s disease m the upper half 
of the left tibia”. Because of the socerc pain and the lapidity of onset, a biopsj' was done; a diagnosis of 
Paget’s disease with chondiosarcoma was made The patient refused operation at that time, but has 
since had the extieniity amputated at anothci hospital It is now three months since the operation, and 
the patient has had no further complaints 

THERAPY 

Inasmuch as it is the complications and seciuelae of Paget’s disease which usually 
cause the patient to seek medical care, tieatment has usually been directed tow'ard relief 
of the presenting symptoms Auditory and visual disturbances are referred to ophthal- 
mologists and otologists. Fractures have been tieated by orthopaedic surgeons and gen- 
eral surgeons, who use standard methods; prognosis as to union is considered to be 
good®-^®. Sarcomata have been treated by early amputation whenever possible Roentgeno- 
therapy IS usually used when amputation is lefused or is impossible, but not many roent- 
genologists consider it the method of choice If one may judge from the present small 
senes, even amputation must be followed by an unfavorable prognosis 

Therapy directed toward relief of symptoms caused by the disease per se has in the 
past been of many kinds, of which only two will be mentioned,— namely, roentgenotherapy 
and magnesium carbonate. 

Roentgenotherapy wms given to two patients in this series, both of w'hom complained 
of hissing sounds in the ears Both were given two couises of treatment and were still not 
improved ten or twelve months afterward Formerly this method was used to relieve pain 
in bones showing pagetoid changes, but in the last five years there have been almost no 
references to it in the medical literature 

iMagnesium carbonate was given by mouth to eight patients, six of whom show'ed 
symptomatic improvement within one or two months The dose recommended w'as usually 
one teaspoonful of the powder two or three times daily, unless the stools became too loose, 
in which case the dose was decreased to an amount which could be tolerated®. Concur- 
rently, a diet low' in calcium was recommended The patients who benefited from this 
legimen found that their complaints w'ere minimum while they conscientiously followed 
instiuctions as to medication and diet, but they also noted that their symptoms returned 
w itliin a few' days if they abandoned the regimen 

XoTE The author gratefiilh acknowledge? permi-?ion to u«e ca-e histones from the Medical .“-eriice 
o f O H P Pepper, M D , and fiom the Surgical Sen ice? of I S Raidin, M D , Franci? C Grant M D 
P Boland Hughes, M D , and P C Colonna, M D 
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POSTERIOR APPROACH TO THE SUPEROLATERAL REGION OF THE TIBIA 


BY EMANUEL B. KAPLAN, M.D., NEW YORK, N. Y. 

From the Department of Anatomy, College of Physicians and Surgeons, Columbia University, 
and the Hospital for Joint Diseases, Hew York City 

Occasionally bone lesions are found in the lateral tuberosity of the tibia or very high 
in the posterolateral aspect of the tibia. The surgical access to this area is difficult, and 
the custoinarj’’ procedure includes a teinporaiy resection of the proximal end of the fibula. 
Fiolle and Delmas described in detail an approach to the origin of the anterior tibial 
arteiy, in vdiich the steps of the teinporaiy resection of the distal end of the fibula are 
described with simplicity and clarity. 

Darrach gave a good description of an approach to the posterior aspect of the tibia 
and the popliteal space, but he was interested primarily in the blood vessels and nerA’^es. 
Harmon presented a simplified exTiosure of the posterior region of the tibia for bone- 
gi-afting, but specified that the upper fifth of the tibia was not included. Cadenat’s ana- 
tomical and surgical studj’’ of the approaches to the upper and lower extremities gave an 
all-embracing surA'ey of the entire problem. 

The purpose of this article is to present an approach to the bony structm'es of the 
upper posterolateral aspect of the tibia. The procedure proved to be useful in several cases, 
and may be of help to surgeons who are confronted with similar problems. 

The anatomy of the area through which the penetration to the bone is obtained was 
analyzed in thirty cadavera. To complete the description of the surgical approach, dis- 
cussion of the most common variations of surgical interest is included. With this in Anew, 
the following analyses were made: 

1. Disposition of the superficial nerves for orientation, 

2. Relation of the muscular nerA^e branches to the muscles of the region and to the 
tibial and common peroneal nerves. 

3. Relation of the origin of the anterior tibial and peroneal arteries to the angle be- 
tween the tibia and fibula. 

4. Variations in the relation of the large A'essels to the ring of the soleus. 

The arrangement of motor and sensory nerA'^e branches and of the A'^essels of the 
popliteal space is such that it can be utilized with profit in the surgerj’^ of this region. 
There are no important nerve branches to the medial side of the popliteal neuroA^ascular 
bundle betAA'een the femoral part of the medial head of the gastrocnemius and the origin 
of the tibialis posterior on the tibia. Only one small artery crosses this region, — ^namely, 
the medial inferior genicular. 

A dry, safe field, with exposure of the popliteus, can be obtained if a longitudinal in- 
cision is made, penetrating the popliteal region on the medial side of the popliteal artery, 
and the medial inferior genicular arterj-^ is dmded and ligated. The popliteus can be 
divided to expose the underlying bone. With this procedure, the exposure of the upper 
end of the tibia can be accomplished in a few steps. 

DESCRIPTION OF PROCEDURE 

A longitudinal incision, four or five inches long, is made in the mid-line, crossing the 
transA^erse popliteal crease. The fascia is exposed and the short saphenous vein is identi- 
fied in the middle of the field, piercing the fascia. To the lateral side of the short saphenous 
vein, the medial sural cutaneous nerve can be seen through the fascia. The nerve is approx- 
imately parallel to the vein. Aledial to the A^ein runs the terminal part of the posterior 
femoral cutaneous nerve. An incision is now made at the medial side of the posterior 
femoral cutaneous nerve and the short saphenous vein (Fig. 1). 
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The sural and the posterior 
femoral cutaneous nerves help in 
the orientation of the incision 
through the fascia. The variations 
of the posterior femoral cutaneous 
nerve consist mostly in its ter- 
mination at points higher or lower 
than the articular line, or in its 
breaking up into multiple fila- 
ments. The medial sural nerve is 
sometimes found on the medial 
side of the short saphenous vein. 

The division of the fascia^ and 
its retraction to the sides, exposes 
the angle of fusion of the medial 
and lateral heads of the gastroc- 
nemius, which form the distal 
angle of the popliteal rhombus. 
The angle of fusion of the heads of the gastrocnemius is divided distally. Retraction 
of the heads of the gastrocnemius uncovers the shiny long tendon of the plantaris, which 
indicates the position of the ring of the soleus and, roughly, the line of origin of the soleus 
on the tibia. Gentle blunt separation locates the popliteal artery as it enters the ring of 
the soleus. The oblique fibers of the poplitcus are visible deep to the artery. On the sur- 
face of the poplitcus, one can observe the medial inferior genicular artery with its venae 
comitantes, on its way to the medial aspect of the knee (Fig. 2) . 

The medial inferior genicular artery is fairly constant in its course. Occasionally it 
may be found above the popliteus, and infrequently it consists of two trunks instead of one. 

Up to the present step, not a single important nerve twig has been encountered in the 
operative field. The motor nerve twigs to the medial head of the gastrocnemius are never 
low enongh to interfere with the proximal end of the exposure. The twigs to the soleus are 
lateral to the popliteal artery. The nerve branches to the upper end of the origin of the 
tibialis posterior are too low to interfere Avith the distal end of the incision. 

The next step consists in retracting the popliteal artery in a lateral direction and in 
separating the line of origin of the soleus from the tibia. This is accomplished Avith great 
ease Avith a blunt periosteal elevator. The disinsertion of the soleus, medial to its ring, 
permits wide lateral retraction of the soleus Avith the artery, vein, and tibial nerve. The 
medial inferior genicular artery and veins are divided and ligated. The popliteus is divided 
across its fibers, stripped from the tibia, and retracted in a lateral direction (Fig. 3) . 

Although the popliteal artery is not exposed completely Avhen it is identified in this 
dissection, it is important to be aAvare of the possible variations Avhich may be encountered 
in the region. The popliteal artery may dhdde into its branches near the superior border 
of the popliteus. Under these circumstances, the posterior and anterior tibial arteries may 
both lie on the posterior surface of the popliteus, or the anterior tibial artery may pass in 
front of the popliteus and the posterior tibial artery may pass on the posterior surface of 
the same muscle. The posterior tibial artery may vary in size and, on rare occasions, may 
be much smaller than usually represented. However, the variations in the division and 
size of the popliteal artery do not modify the steps of the approach, if the popliteus is 
divided on the medial side of the artery and the muscle is separated gently from the 
underlying tibia. 

The retractor which is introduced under the lateral edge of incision of the popliteus 
after its division produces traction and simultaneously protects the large vessels and the 
important nerves, Avhich are all located lateral to the incision. 
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Fig. 3 

The angle formed by the tibia and the upper end of the fibula can also be exposed. 
The anterior tibial artery originates in this area and must be avoided. It has been found 
that the anterior tibial artery almost never passes through the interosseous membrane at 
the apex of the angle formed by the tibia and fibula. The distance between the apex of 
the angle and the artery varies from approximately 2 5 to 4.5 centimeters. This relation- 
ship permits ample room for approach to the tibiofibular angle. 
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Postoperative loentgeuograms show bone defect at site of previous osteoma. 

Upon completion of the operation, the structures are permitted to fall back into place. 
The fascia is the only structure which requires suturing. 

The advantages of the procedure described may be summarized as follows; 

1. Temporary resection of the fibula is avoided; 

2. There is only slight interference with anatomical structures; 

3. The postoperative closure is simplified, because only suture of the fascia is re- 
quired. 

The only disadvantage of this approach is the relative depth of the operative field. 
The position of the fibula, in a more posterior plane than the tibia, restricts somewhat the 
lateral retraction, but this does not interfere with proper exposure of the field. 

ILLUSTRATIVE CASE 

H. K., thirty-two years old, was admitted to the Hospital on September 18, 1945, complaining of 
pain in the anterolateral region of the left knee of three years’ duration. Roentgenographic examination 
suggested an osteoid osteoma of the upper posterolateral region of the tibia. The lesion was excised on 
September 22, 1945, under roentgenographic control, through the posterior approach already described. 
Postoperative roentgenograms showed a bone defect, corresponding to the site of the osteoma (Figs. 4-A 
and 4-B). The patient made an uneventful recovery and resumed his normal activities in one month. 
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A SURGICAL PROCEDURE FOR REPAIR OF 
RECURRENT DISLOCATION OF THE SHOUXDER JOINT 


A Preliminary Report * 

BY CAPTAIN EDWARD H. CROSBY 
Medical Corps, United Slates Xaval Reserve 

In the United States Na^^y during World War II, it was found that recurrent disloca- 
tion of the shoulder was encountered more frequentlj' than in cmlian practice, and that 
it made the sailor or marine unfit for full combat dut 5 L The frequent failure of the usual 
methods of surgical treatment for recurrent dislocation of the shoulder led to a study of 
the literature and the development of a new operative procedure. 

Chronic dislocation of the shoulder produces apprehension in a sailor or marine, be- 
cause the shoulder may become dislocated at any time, causing pain and complete dis- 
ability. In some cases, the individual is able to reduce the dislocation himself; but, in 
jungle warfare, even te 2 nporar}’^ disabilit}"^ may be fatal. The soldier with such a disability 
is unfit for full combat duty. 

The many operations described in the literature for repair of recurrent dislocation of 
the shoulder can be classified into three groups: (1) operations altering the skeletal struc- 
ture of the shoulder joint, using bone graft to augment the anterior rim of the glenoid 
camty, or so placed as to prevent the humeral head from leaving the glenoid fossa; (2) 
operations on the capsule of the shoulder joint, either repairing injury to the capsule or 
adding fascia to supplement the capsule; and (3) ligamentous, tendon, or muscle sus- 
pensions. 

In the first group of operative procedures, the skeletal structure of the shoulder joint 
is altered. In the second group, the torn capsule of the joint is repaired, either by plicating 
the capsule or by adding fascial transplants to strengthen the capsule. In the third group 
of operative procedures, either the anatomical relation of ligaments, tendons, or muscles 
already present in the shoulder girdle is altered, or such tissues are transplanted to the 
shoulder to suspend the humeral head in the glenoid cavity. 

The treatment for recurrent dislocation of the shoulder at a Naval Hospital is influ- 
enced by many factors which do not disturb the civilian surgeon. If the condition existed 
prior to enlistment, no operative procedure is warranted unless it will return the man to 
full duty. A physical defect is often used as an excuse to avoid duty, and an operation 
done while the man is in the Service may supply the necessary objective condition which 
is desired by the patient. If the injury is acquired in the Service, the malingering element 
is reduced. 

The author performed a series of fourteen operations on thirteen patients for the re- 
pair of recurrent dislocation of the shoulder, by a technique not previously described. This 
technique used a three-inch incision over the bicipital groove, separating the anterior 
deltoid muscle. The transverse humeral ligament was cut, and the tendon of the long head 
of the biceps was retracted with a tape. The cartilage on the floor of the groove was re- 
moved, the synovial membrane on the tendon was cut away, and the tendon was anchored 
in the bicipital groove with three No. 3 nylon sutures, passed through holes drilled in the 
posterior crest of the groove. The transverse humeral ligament and the outer edge of the 
tendinous capsular cuff were closed. When possible, the capsular cuff was plicated with 
No. 3 nylon sutiues. Exercises were started and increased according to tolerance, after 
three weeks’ immobilization of the affected shoulder in a sling and a bandage. Five of the 

* Based on a scientific exhibit at the Annual Meeting of The American Academy of Orthooaedic 
burgeons, Chicago, Illinois, January 1946. uiuiopaeoic 
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Fi<x. 1 : Front view, >lio\vin>r tlie orij'in of the ten- 
don of tlic lonj; hoiid of tlio biceps, clianged from 
the siipraglcnoid tul)crclo to tlic aciomion. The 
tendon pa?»es out of tlie joint tluougli a hole cut 
in the antcro&uperior capsule. 

Fig. 2: Side view, showing the origin of the ten- 
don of the long head of the biceps, changed from 
the faU])raglcnoid tubeiclo to the acromion. The 
tendon ini'-scs in a .straight lino from the proximal 
end of the intertubor groove of the humerus to the 
acromion. 

Fig. 3: Sagittal section thiough the shoulcler at 
the level of the tendon of the long head of the bi- 
ceps, showing how changing the origin from the 
Mipraglenoid tubercle to the acromion prevents 
dislocation of the shoulder. 

patients in this series (including one case 
which was bilateral) returned to active dutj'’ 
with the Fleet Marine Force in the Pacific; 
four were returned to limited duty ; and four 
had a recurrence of the dislocation after the 
operation. The author performed the sec- 
ond operation on the four patients with re- 
currences. At the second operation, the 
tendon of the long head of the biceps muscle was found to be firmly anchored in the bicipi- 
tal groove, and the tendon was intact. At this operation, a transverse hole was drilled 
through the greater tuberosity, and a hole Avas placed in the acromion from above down- 
ward. Fascia lata Avas passed through these holes, draAvn tightly, close to the capsule, and 
sutured to itself and to the capsule. The fascia was spread over the anterior capsule and 
Avas sutured to strengthen the capsule. Six to ten months have passed since the second 
operation, and at the present time the shoulders are secure and solid, Avith practically 
normal motion. 

It was felt that the procedure of anchoring the tendon of the long head of the biceps 
in the bicipital groove was sufficient for normal civilian function, especially in individuals 
beyond the age of active athletics, and that this procedure Avas preferable to other opera- 
tions because of its simplicity. HoAvever, the operation did not give sufficient strength to 
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the shoulder to permit all patients to return to the strenuous activity of the Fleet ]\Iarine 
Force. Consequently, the following operation was performed on thirt 3 ’--two shoulders with 
recurrent dislocations (two patients had bilateral recurrent dislocations), and has fulfilled 
all requirements. 

OPER.ATIVE TECHNIQUE 

1. A longitudinal incision is made from just above and medial to the tip of the 
acromion process, downward about four inches toward the mid-cubital fossa of the elbow. 
The fibers of the anterior deltoid muscle are separated to expose the capsule of the shoulder 
joint and the transverse humeral ligament. 

2. The capsule is cut from a point just above the upper end of the bicipital groove, 
medially and slightly upward over the course of the biceps tendon for a distance of three- 
quarters of an inch. When the capsule is opened with retractors and the arm is pulled 
downward, the superior part of the joint is exposed, showing the origin of the long head of 
the biceps tendon at the supraglenoid tuberosity. A tape is placed under the tendon for 
the purpose of traction. 

3. The tendon is cut close to its origin from the supraglenoid tubercle, causing little 
or no bleeding, and the cut end is removed from the joint. 

4. Lateral traction on the freed tendon exposes the cartilage on the floor of the bi- 
cipital groove. This is removed with a sharp curette. The tendon is pulled upward and its 
sj-novial membrane is removed from that part of the tendon which passes through the 
bicipital gi’oove. 

5. The free end of the tendon is passed through a small hole cut in the superior part 
of the capsule, and carried under the deltoid muscle to the acromion process in as nearly a 
straight line as possible (Figs. 1 and 2) . 

6. The superior surface of the acromion is exposed, and a hole, large enough to receive 
the free end of the biceps tendon, is made through it from above downward. The hole is 
placed about one-quarter of an inch from the edge of the acromion so that a strong bridge 
of bone remains. The free end of the tendon is passed through this hole from below up- 
ward, and about one-half inch of the tendon is allowed to extend bejmnd the acromion. 
The end of the tendon is divided so that the anterior half can be brought forward and 
downward, and can be sutured to the trunk of the tendon just before it enters the hole in 
the acromion. The posterior half of the divided tendon end is carried backward and 
sutured to the periosteum of the acromion (Fig. 3). The elbow is flexed and the arm 
abducted during this step, so that there is very little tension on the biceps tendon. 

7. The incision through the capsule, which parallels the superior margin of the sub- 
scapularis tendon as it merges into the capsule, is plicated with a double row of intermpted 
No. 1 nylon sutm-es. 

8. The tendon is anchored in the bicipital groove bj-^ a deep No. 1 njdon suture, passed 
through the transverse humeral ligament, incorporating the biceps tendon. 

9. The shoulder joint is passed through its complete range of motion to ensure ade- 
quate fixation of the tendon and the plicated capsule. The deep sutures over the acromion 
are placed through the tendon so that fixation of the tendon is made firm, and the wound 
is closed anatomically. 

10. The shoulder is immobilized in a sling and a modified Sajwe’s bandage for three 
weeks. 

11. After the three weeks of immobilization, gradually increased exercises are begun. 

SUMM.ARY OF C.\3ES 

Operations were performed in thirty-two cases, — thirty- men and two women. Their 
ages ranged between eighteen years and thirty-four years. Twelve dislocations occurred 
in the right shoulder; sixteen occurred in the left shoulder; and two were bilateral. In 
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eight cases the first dislocation occurred during combat fighting, in thirteen while engaged 
in athletics, in seven from a fall, and in one while rolling a barrel; in three cases the cause 
was not remembered. The treatment after the first dislocation varied; No treatment was 
given in fifteen cases, a sling was used for less tluin three weeks in twelve cases and for 
three weeks or more in four cases, and treatment was not remembered in one case. Pre- 
operative examination of the shoulder showed limited and painful motion in thirteen cases, 
muscle atrophy about the shoulder in three, and subluxation of the joint in ten; all had 
deep tenderness over the front of the shoulder joint. Roentgenographic findings were 
negative in twenty-four cases, showed subluxation in three, calcium deposits in the sub- 
deltoid bursa in one, a shallow glenoid fossa in one, a groove in the head of the humerus in 
one, roughness of the anterior glenoid rim in one, and roughness in the greater tuberosity 
and acromion in one. 

All of the operations except one were done on hlarine personnel. Eight cases have 
been followed for more than one year; the remaining cases have been followed for more 
than six months. In one case in the series, the operation failed, because the new attachment 
of the tendon pulled away from the acromion when the patient threw a football, four 
weeks after operation. In twenty-seven of the remaining thirty cases, the patients returned 
to full combat duty. The other three patients could not return to full duty, although the 
shoulder was stable. Follow-up letters have been received from two of the three patients, 
stating that they are doing heavy work without discomfort. In the remaining case there 
has been no further dislocation, and a follow-up letter from the patient’s mother states 
that he does not want to work. 



COAIPLETE DISLOCATIONS OE THE ACROMIOCLAVICULAR JOINT 


The Nature of the Trau.matic Lesion and Effective jMethods of Treatment 
WITH AN Analysis of Forty-One Cases 

BY major marshall H. URIST 
Medical Corps, Army o] the United Slates 

Although incoiuplete dislocations of the acromioclavicular joint are frequent, com- 
plete dislocations are uncommon, and even orthopaedic surgeons of wide experience seldom 
see veiy many cases in their personal practices. The largest single series on record consists 
of less than a dozen cases. The lack of large single experiences may reasonably be assumed 
to account for a number of facts: that the pathological basis of complete dislocation of the 
acromioclavicular joint is still incompletely understood; that in spite of the small number 
of recorded cases, more than thirty-five conservative methods and at least twenty-eight 
operative methods of correction have been advocated; and that very few end results of 
treatment by any measures are recorded in the literature. 

The e.xisting situation in respect to complete dislocations of the acromioclavicular 
joint is the justification for the present communication, which has for its purpose (1) the 
presentation of forty-one patients treated by a single observer, this apparently being the 
largest single series to be recorded; (2) clarification of the anatomicopathological basis of 
the lesion; (3) an evaluation of the conservative and operative methods currently advised 
for the correction of the dislocation; and (4) the description of an improved method of 
conservative treatment. 


AN.ALYSIS OF C.ASE3 

The forty-one instances of complete dislocation of the acromioclavicular joint reported 
in this communication were observed in the 802nd Hospital Center while it was stationed 
at Blanford, England, and at the 97th General Hospital while it was stationed at Frank- 
furt, Germany. The series does not include primary subluxations or sprains. All patients 
with minor subluxations, observed in the European Theater of Operations, were treated in 
forward medical units or hospitals and could return to duty within a month, the results 
apparently being in agreement with those obtained by Thorndike and Quigley with various 
types of strappings. The evidence is to the effect that sprains, if left alone, become reduced 
spontaneously within a week or less, and heal well. 

All the patients were strong, active young soldiers, within the same age gi’oup. Their 
injuries, all of which were caused by great violence, were variously sustained in combat, 
parachute jumps, hazardous engineering operations, and trafBc accidents; a few were sus- 
tained on the football field. Twenty-three injmies were acute and were recognized early. 
As a result, the patients were promptly evacuated from the combat zone and arrived in 
fixed hospitals for treatment within a few hours after injuiy, if transportation was by air, 
and within ten days, if transportation was by water or by rail. The majority had received 
first aid or primary treatment shortly after the injury. In the remaining eighteen cases, 
the injury was unreported, um-ecognized, or untreated for periods ranging from several 
weeks to eighteen months after it had occurred. In this group of cases the orthopaedic 
problem was often complicated by such war-related conditions as combat fatigue and con- 
version reactions, focused upon non-disabling and non-symptomatic lesions. Eleven pa- 
tients, representing both groups, had associated fractures of various portions of the clavicle, 
the acromion process, and the coracoid process. 

ANATOMICAL STRUCTURE AND POSSmLE VARLATIONS OF THE ACROMIOCL.AVICUL.\R JOINT 

The acromioclavicular joint, which overlies the shoulder joint and the motion of which 
is synchronous with the motion of the shoulder joint, appears to be unique in man. The 
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relationship between the structures which make it up — the clavicle and the acromion 
process — is normally maintained by the acromioclavicular and coracoclavicular ligaments. 
The coracoclavicular ligaments form a synosteosis of a i)articular type termed syndesmosis, 
which indicates that the skeletel elements are bound together by a continuous band of 
elastic connective tissue. Anatomical studies of the shoulder area, as well as numerous 
reports of anomalous conditions in this region, show that the coracoclavicular syndesmosis 
either is a metamorphosed joint or rei)resents a trend toward the develoinnent of a diar- 
throdial joint between the coracoid proce.ss and the inferior surface of the clavicle. About 
1 per cent, of random roentgenograms of the shoulder"’ show well-developed coraco- 
clavicular diarthrodial joints. The acromioclavicular joint itself is a true diarthrosis, be- 
cause the articular surfaces of the acromion process and the outer end of the clavicle are 
separated by a joint cavity and are surrounded by a capsule reinforced with ligaments. 
Since in man there is no motion of the coraco-acromial syndesmosis (represented by the 
coraco-acromial ligament), its functional significance is not clear. It can be sacrificed 
without any effect on the action of the shoulder*-*. 

The possible variations in the furu\ of the acromioclavicvdar joint were studied in 100 
sample roentgenograms of the shoulder, which were unseleeted e.vcept that the patients had 
no symptoms referable to the shoulder and that the variations were present bilaterally. 
All films were taken by the standard Army method, so that variations cannot be explained 
by changes in technique. The formal study of these sample films was undertaken to confirm 
the impression of the frequency of variations which the writer had received as he examined 
large numbers of films for other ortho])aedic conditions. 


TABLE I 

Cmssiric.vnoN or AN.vro.Mic.\L V.mu.vtions in the Aciiomiocl.wicul.\u Joint 
IN 100 R.VNUO.M llOE.NTCiE.NOGlU.MS OF THE SuOULDElt 


DescriiiUou of Joint Per Cent. 


1. The articular surface of the clavicle overrides the articular surface of the acromion. 49 

2. The articular surfaces of the acromion and clavicle are nearly vertical anil lie in the 

same plane 27 

3. The inferior margin ol the articular surtace of the clavicle underrides the superior 

margin of the acromion ; . . 3 

4. The articular surfaces are incougruent, and the clavicle overlies the acromion 9 

5. The articular surfaces are iucongruent and are not in contact at any point 6 

6. The articular surfaces are incougruent, and the inferior margin of the clavicle under- 

rides the superior margin of the acromion 6 


From this study the following facts were ascertained: The articular surfaces vary in 
size and form. Occasionally they arc separated by a meniscus attached to the superior 
acromioclavicular ligament. The meniscus may be a blade of fibrocartilage e.xtending per- 
haps halfway into the joint (as in Case 36) or it may form a complete disc, dividing the 
joint into two parts. Occasionally no diarthrosis is present, as in Case 39 of this series, in 
which the joint was represented merely by a pad of fibrous tissue attached to the outer end 
of the clavicle, and no evidence of an articular cavity was noted. Such instances are de- 
scribed in standard texts of anatomy''^- and are not uncommon. 

The joint surfaces are often incongruent, such abnormalities almost always being bi- 
lateral. The outline of the articular surface of the acromion process may correspond to the 
outline of the clavicle, but often it does not. In some individuals no part of the clavicle 
opposes the end of the acromion, and for all practical clinical purposes the patient has a 
congenital sub luxation or relaxation of the acromioclavicular joint. The clinical promi- 
nence of the acromioclavicular joint is usually determined by the degree of overriding of 
the acromial end of the clavicle. In some individuals, the joint surfaces may lie in a ver- 
tical plane (Fig. 3) or the acromion may partly overlie the clavicle (Fig. 7) , although in 
the majority of cases there is usually some overriding of the clavicle on the acromion 
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Fig. 10) . These and other variations observed in the 100 eases studied roentgenographi- 
ally are classified in Tabic I. In addition to this classification, the acromioclavicular joint 
an vary in the shape of the distal end of the clavicle, which may be bulbous, square, 
asiform, flattened, or cylindrical. 

As this study indicates, relatively seldom does the acromioclavicular joint, as obsers'ed 
oentgenographicalljq correspond to the classical anatomical description. Normalh’" the 
rticulation is constructed of parts, formed at different stages of the morphogenesis of the 
>"pical diarthrosis. There is some evidence, although the observation is still disputed, that 
he outer end of the clavicle is formed in the embiyo by intramembranous ossification’’®, 
le this as it may, variations from the anatomical nonn are reasonabty accounted for by 
he fact that the evolutionary development of the aeromiocla^dcular joint was frequently 
aterrupted. 


MECH.\XISJt OF IXJCRV .tXD THE TR.A.UM.A.TIC LE5IOX 

With few exceptions, the patients in this series were unable to state at just what point 
he shoulder had received the blow which resulted in acromiocla^dcular dislocation. Only 
wo had abrasions or ecchyniosis to indicate the point of contact of the force, — in Case 36 
. falling steel beam struck the acromion process, and in Case 40 the area over a fracture 
if the clavicle was discolored. In the majority of cases, it was assumed that a blow on the 
lorsum or the anterior aspect of the shoulder had forced the scapula downward or back- 
rard^®-"'*-®®. Cases have been recorded in which the scapula was forcibly drawn downward 
ind anteriorly by a sudden change in the position of a hea\'y burden being carried®*, and 
)thers are on record in which the force may have been transmitted through the arm, with 
he result that the coracoid process came into contact with the clavicle and thus pried the 
oint apart®*4oo. 

It has been generally assumed, since the pioneer surgical work of Cadenat in 1917 
md of Watkins in 1925, that a complete dislocation of the clavicle cannot occur without 
earing of the conoid and trapezoid ligaments*'®’®*"®®’®®, and illustrations in current text- 
books*®’®®’®® are based on this concept. There is, however, ver>' little e\-idence in the litera- 
ture to support it®®’®®. It is easily understood that, when the distance between the coracoid 
process and the clavicle is greatly increased in the injured shoulder, as compared with the 
intact shoulder, the coracoclaticular ligaments are coivespondingly stretched or sprained, 
but they are not necessarily torn®*. If the force was transmitted through the arm, the 
injury might be sustained by the joint capsule alone, the ligaments themselves suffering 
no damage. 

The deformity in unreduced dislocations of the acromioclardcular joint is maintained 
by the pull of the trapezius on the distal end of the clavicle, by gra-vdty, and by the absence 
of counterpull by the aponeurosis of the anterior portion of the deltoid. Wlien the arm on 
the affected side is weighted, the scapula and so the acromion process are drawn downward 
and forward, causing the gap in the joint to be increased both anteroposteriorh’- and supero- 
inferiorly. In doubtful cases this manoeuvre is useful in accentuating the lesion for roent- 
genographic purposes. 

EXPERIMENTAL OBSERV.ATIOXS 

The following experimental studies were carried out on cadavera to confirm impres- 
sions as to the mechanism of injury, derived from observations made at the operating table: 

1. On the first shoulder, the coracoclavicular ligaments were transected through a 
stab incision, after which the acromial end of the clavicle was grasped through the skin 
with bone forceps and tested for motion. Alotion was not in excess of that on the intact 
opposite side, and subluxation was not produced when strong traction was applied to the 
arm on the transected side. 

2. On the second shoulder, the superior acromioclavicular ligament and the entire 
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joint capsule were transected through an incision overlying the joint. After this, it was 
possible to produce incomplete disarticulation of approximately 50 per cent. 

The incision was then carried around the outer end of the clavicle in the shape of a U, 
and the attachments of the deltoid and trapezius muscles to the clavicle were divided. 
When the end of the clavicle was drawn upward and posteriorly, complete disarticulation 
resulted; but when it was pulled straight upward, only incomplete disarticulation was 
produced. 

Transection of the coracoclavicular ligaments was then performed on the same shoul- 
der, as described under heading No. 1, after which the entire outer end of the clavicle could 
be disarticulated upward farther than when only the attachments previously mentioned 
had been cut. 

3. On the third shoulder, the trapezoid ligament was dissected and divided, as well as 
the deltoid and trapezius attachments to the clavicle and the superior acromioclavicular 
ligaments. The clavicle could then be drawn posteriorly or upward until it was completely 
dislocated. 

4. On the fourth shoulder, the same preparation was carried out as described under 
heading No. 3, except that the conoid ligament was sectioned instead of the trapezoid. The 
same results were achieved as on the third shoulder, except that the acromial end of the 
clavicle could be dislocated farther upward. 

5. On the fifth shoulder, the same preparation was carried out as on the third and 
fourth, except that the coraco-acromial ligament was sectioned, first alone and then in 
combination with each of the other ligaments. No effect on the stability of the acromio- 
clavicular joint was observed. 

Observations similar to those described have been reported by Poirier and Rieffel, 
Delbet and Moequot, and Cadenat, among others; and their interpretations of the results 
are in agreement with that of the writer, except for one important difference: The ob- 
servations just recorded emphasize the leading role played in complete dislocation of the 
acromioclavicular joint by the joint capsule and the attachments of the deltoid and tra- 
pezius muscles. When these structures were severed, to simulate the tearing or stretching 
which occurs in them with dislocation, complete dislocation of the outer end of the clavicle 
was possible without injury to the conoid or trapezoid ligaments. It is true that rupture 
of the conoid and trapezoid ligaments allowed greater displacement of the clavicle, but 
the picture was altered quantitively, not essentially. Section of only the conoid or of only 
the trapezoid ligament had no specific effects, and there is no physiological analogy be- 
tween these structures and the cruciate ligaments of the knee. 

Cadenat reminded his readers that tone and action of the surrounding muscles in the 
living subject probably alter the relationships of the parts in the functioning joint, and the 
individual ligaments may have different degrees of elasticity, required for synchronizing 
the motions of the clavicle with those of the surrounding parts. 

EXAMINATION OF RESECTED JOINTS 

It was possible to study the process of healing after complete dislocation of the 
acromioclavicular joint in nine cases in which resection of the distal end of the clavicle was 
necessary at intervals varying from three weeks to one year after injury. A variety of 
treatments had been employed in these cases, all of which had resulted in incomplete cor- 
rection. No fresh clinical material was available for examination, since, in accordance with 
directives of the United States Army Medical Department, all cases must be managed 
conservatively and healing must be permitted for a sufficient length of time to establish 
the existence of a residual disability before surgical treatment is instituted. 

In each case the coracoclavicular ligaments were found to be stretched and elongated, 
but all had healed in complete continuity. The texture upon palpation varied between 
cicatricial induration and bony hardness. Elongation and scarification were proportional 
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to the distance between the outer end of the clavicle and the coracoid process, but bony 
tissue was not always identified. 

Healing of the joint capsule in each case had been associated with increased thicken- 
ing, up to a maximum of four millimeters. 

Other changes were as follows: (1) Obliteration of the articular surfaces and replace- 
ment with fibrous connective tissue occurred in five cases; interposed flakes of cartilage, 
fibrocartilage, and necrotic hyalinizcd material were interpreted as the remnants of cap- 
sular ligament and meniscus, separated at injury in two cases. (2) Osteocartilaginous 
loose bodies were found in one case (Fig. 13) . (3) Osteo-arthritic changes, such as bone 
eburnation and marginal spurs, occurred in five cases. In two cases evidence was found of 
subchondral compression fractures of the clavicle and acromion processes, which had not 
been evident in the roentgenograms. 

The observations on healed ligaments are corroborated by the findings of Gurd on 
fresh cases; this author also mentioned that complete dislocation of the clavicle occurred 
in one case without complete rupture of the coracoclavicular ligaments. Other observers, 
however, describe stretched^^ or ruptured^®-^® ligaments at open operation for repair of the 
conoid and trapezoid ligaments with fascia lata. 

The data obtained by observation of both clinical and experimental material make it 
seem most likely that the clavicle can become completely dislocated without rupture of the 
coracoclavicular ligaments. In occasional cases the trapezoid ligament is stretched, and in 
rare cases it is grossly ruptured. Microscopically, of course, the individual fibers of the 
conoid and trapezoid ligaments are necessarily torn during injury. The observations made 
in this study further suggest that the capacity of these ligaments for healing and repair is 
excellent, and is sufficient to aid reconstitution of the joint relationships. 

SPECIAL TESTS OF VALUE DURING TREATMENT 

Although the clinical picture of fresh acromioclavicular separation is familiar to all 
surgeons, special tests that apply during the course of the injury deserve emphasis. 

(A) Widening of the Joint Space 

In some cases (Fig. 1-E) in which the outer end of the clavicle is characteristically 
above and posterior to tbe acromion process, it may be possible apparently to reduce the 
dislocation and to obliterate the deformity without difficulty, but the roentgenogram may 
show measurable separation or widening of the joint space (Figs. 3 and 4). In such cases, 
if both clavicles are outlined with the examining finger tips, it can easily be ascertained 
that, while the upward displacement of the dislocated clavicle is corrected, there is still 
slight posterior displacement. Further manipulations may correct the position in a fresh 
case, but are not likely to be effective in older cases. 

(B) Ballottement 

Observations in this series suggest that, although the number of cases is too small to 
permit definitive statements, if free floating of the distal end of the clavicle (ballottement) 
is observed at the end of three weeks or more of conservative treatment, this form of 
treatment is not likely to be effective. The phenomenon was observed in four cases in this 
series and was striking in Cases 4 and 5. Both were instances of posterior displacement 
and were treated conservatively in the splint devised by the writer, which will be described 
later. In each case, ballottement was evident when the shoulder strap of the splint was 
turned back at the end of three weeks and the distal end of the clavicle was pushed down- 
ward and anteriorly to attempt an adjustment. At the end of six weeks, when the splint 
was removed, the dislocation was only partially corrected, and subluxation was evident in 
the course of three weeks of rehabilitation. When the distal end of the clavicle was later 
excised, because of complaints of pain and a feeling of instability, fibrous connective tissue, 
capsular ligament, and torn meniscus were found interposed between the joint surfaces; 
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TA13LK II 


Significant Data in Eightioiin 
Thi:ati;i) dv Eaui.y Ri 


Co,Mi>i.r/iTi Di.si,ocatu)Ns of Tin; Acuo.mioccaviculah Join 
; i)UCTioN AND Immobilization fob Six Wlkks-* 


T 


Case 



Ballot te- 

Calcification in 




Po.sition at 

inent at 

Coracoclavicniar 

Cosmetic 

Residual 

No. 

Type of Joint 

Four Wei'ks 

Four Week.- 

i LigaincnI.s 

Result 

Symptoms 

1 

Overriding 

E.xcellent 

+ 


lOxcelIcnt 

N'ono 

2 

Overriding 

E.wellent 

-h 

0 

Good 

Pain 

3 

Overriding 

Good 

0 

-h 

Excellent 

None 

4 

Overriding, 

nearly 

vertical 

Good 

0 

+ 

Fair 

None 

5 

Nearlj'' 

vertical 

Wide joint 
space 

+ 

0 

Snbln.xation 

Pain 

6 

Incongrnent, 

vertical 

Wide joint 
.space 

+ 

+ 

Slight 

siihhixafion 

Pain 

7 

Overriding 

E.'ccellent 

0 

+ 

Perfect 

None 

S 

Overrilling 

Excellent 

0 

0 

Perfect 

None 

9 

Overriding 

lOxcellent 

0 

0 

Excellent 

None 

10 

11 

Incongrnent, 

vertical 

Overritling 

Excellent 

Excellent 

0 

0 

+ 

Excellent 

Excellent 

None 

12 

Overriding 

SlightiA' wide 
joint space 

0 

+ 

I'lxccllent 

None 

13 

Overriding 

Sliglvtlj' wide 
joint siiace 

0 

0 

Excellent 

None 

14 

Overriding 

Excellent 

0 

0 

Excellent 

None 

15 

Overriding 

Excellent 

0 

0 

Excellent 

None 

16 

Vertical 

Good 


+ 

Willi avulsion 
fracture of the 
clavicle 

Slight 

subhixation 

Pain 

17 

Vertical 

Good 

- 

0 

Slight 

subhixation 

Slight pain 

18 

Nearly 

vertical 

Good 

+ 

0 

Subhixation 

Slight pain 


* In Cases 16, 17, and IS tlie patients were seen ten days after injury, at wliich time tliej' were trans- 
ferred from adhesive strappings to the autlior’s splint. A fracture of the acromion iiroccss was associated 
with the dislocation in Case 4, of tlie coracoid process in Case 7, and of the clavicle (avulsion type) in 
Case 16. 


they obviously preA'’entecl accurate reposition and presumably caused the free floating of 
the clavicle observed before operation. The same findings were also noted at operation in 
three other cases. 

The test for ballottement of the claAdcle is particularly informative after three weeks, 
when uncomplicated or well-reduced dislocations ordinarily become stable as the result of 
healing of the capsular ligament and repair of the attachments of the deltoid muscle ; and 
a positive test, as has been stated, suggests that conservatiA^e treatment may be ineffective. 

(C) Evolution of Symptoms 

It is important that symptoms complained of in instances of recurrent or untreated 
subluxation be carefully evaluated. At the end of three weeks, when joint effusion and 
periarticular swelling and tenderness have disappeared, a complete dislocation AAuth OA^er- 
riding and Avith no contact of the clavicle and the acromion process is not likely to be A'ery 
painful. Most soldiers minimize the symptoms, AAdiich may, hoAveA'^er, be aggravated if the 
men are called upon to do hard Avork. In a certain (unknoAAm) proportion of such cases, 
residual subluxation folloAving conservative treatment of complete dislocations is associated 
Avith pain and annoying crepitation, with or without limitation of motion of the shoulder 
joint. Under these circumstances, the validity of the symptoms must be studied carefully. 
Men in civil life are likely to disregard the deformity and to refuse surgical treatment; while 
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TABLE III 

Significant Data in Eleven Complete Dislocations of the Acromioclavicul-vs Joint 

Seen Late and Not Treated 


C.'ise 

No. 

Type of Joint 

Primary' Treatment 

Days of 
Healing 

Calcification in 
Coracoclavicular 
Ligaments 

Osteo-Arthritis 

Residual 

Symptoms 

19 

Overriding 

Hunkin’s cast 

56 

0 

+ 

Subluxation 

20 

Vertical 

Watson-Jones’s 
adhesive splint 

5S 

+ 

0 

Subluxation 

21 

Congruent, 

vertical 

Watson-Jones’s 
adhesive splint 

35 

0 

+ 

Subluxation 

22 

Overriding 

Jones’s humeral 
splint 

34 


+ 

Subluxation and 
Erb-Duchenne 
palsy 

23 

Underriding 

Stimpson’s adhesive 
splint 

395 

+ 

+ 

Subluxation 

24 

Vertical 

Velpeau adliesive 
splint 

270 

-r 

+ 

Dislocation 

25 

Overriding 

No treatment 

35 

+ 

1 

T 

Dislocation 

26 

Vertical 

V eipeau bandage 

70 

1 

T 

0 

Dislocation 

27 

Overriding 

None 

42 

0 

-b 

Dislocation 

2S 

Incongruent, 

overriding 

None 

300 

0 

0 

Subluxation 

29 

Incongruent, 

overriding 

None 

330 

0 

+ 

Subluxation 


women will accept or ask for surgeiy, because they regard the proti-usion of the bone on the 
shoulder as unsightly. 

The following objective tests are useful in confirming the validity of the patient’s 
complaints: 

1. When the patient leans against a w'all, thus pressing the inferior angle of the 
scapula firmly and sharply on the posterior aspect of the thora.v, pain in the acromio- 
clavicular joint ma)’- be elicited. 

2. When the patient elevates the arm, pain is elicited in cases complicated by syno- 
vitis, fibrous ankylosis, or arthritis of the joint. Full elevation of the arm may be im- 
possible. 

3. When the patient shrugs the shoulder, rotates the arm internally, or carries a 
weight, palpable crepitations or subjective grating sensations are accentuated. (The stand- 
ard weight, used to amplify the deformity for a roentgenographic record, is a thirty-five- 
pound bucket of sand in each hand.) 

4. Pain or ankylosis of the joint may prevent crossing the elbows anteriorly (ad- 
duction) . 


TABLE R' 

Significant Data in Fh'e Cosiplete Dislocations of the Acromiocl-wtcclar Joint 
Treated Prim.vrily by Various Methods 


Case 

No. 

Type of Joint 

Primary Treatment 

Cosmetic Result 

Residual Symptoms 

30 

Overriding, 
nearly vertical 

Skeletal traction 

Excellent 

Pain 

31 

Overriding 

Skeletal traction 

Excellent 

Slight pain 

32 

Overriding 

Phemister’s trans- 
articular wire 

Slight subluxation 

None 

33 

Overriding 

Coracoclavicular screw 

Slight deformity 

None 

34 

Overriding with 
fracture of 
acromion and 
coracoid processes 

Thoracobrachial spica, 

90 degrees abduction 

Excellent 

Pain and 
stiffness 
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In detennining the necessity for furtlier treutinent, it is also desirable to take into 
consideration the character and structure of the acromioclavicular joint. In this series it 
was found that patients who had no symptoms after conservative treatment (Table II) 
often presented the overriding type of clavicle, whereas patients showing complications 
(Table IV) frequently presented vertical or partially undergliding joints. Subchondral 
compression fractures were found in two cases in this group (Cases 5 and 41). Although 
the number of cases is too small for positive statements, it may be possible that individuals 
with vertical or undergliding joints are more likely than those with other types of joint tc 
respond poorly to conservative treatment and to develop complications. 


TUEATMBNT 

The purpose of treatment in dislocations of the acromioclavicular joint is twofold,— 
to secure anatomical reposition and to relieve symptoms. These objectives are interrelated; 
but anatomical restoration of the joint does not always relieve symptoms, which may 
originate in residual ilamage to the articular surface and the joint capsule, whereas a 
patient with a poor anatomical result may have no symptoms at all. Furthermore, al- 
though clinical examination and roentgenograms may show the bones in perfect position 
after immobilization for the proper length of time, the dislocation will recur, when the 
splint is removed, if healing has not reestablished the continuity^ of the periarticular 
ligaments. 

Since Thorndike and Quigley’s plea for conservatism in the management of disloca- 
tions of the acromioclavicular joint, it has become established that a very high percentage 
of incomplete dislocations or subluxations can be managed by'’ the use of only the simplest 
of adhesive dressings. On the other hand, failure to obtain a satisfactory cosmetic result 
in some instances of subluxation, as well as the occurrence of painful sequelae and of 
limitation of motion, is equally well known. 

An analysis of the literature, as well as the results in this series of forty-one cases of 
complete dislocation of the acromioclavicular joint, indicates that from 10 to 20 per cent, 
of the cases treated conservatively with improved methods show residual subluxations or 
some degree of disability as the result of pain, instability, and limitation of joint motion. 

Professor E. S. Cooper of San Francisco, who was apparently the first surgeon to op- 
erate for this lesion, “ventured” to suture the acromion process to the distal end of the 
clavicle on a woman who “had a nervous desire to get rid of the deformity amounting 
almost to insanity”. Although such an operation was then a very daring thing, he reported 
that to admit the atmosphere to bones is not a source of injury to the patient, and was 
“satisfied to rest the justification of its [the procedure’s] claims to value upon the statistic 
of results in future operations”. 

At present, as in Cooper’s time, experienced clinicians frequently find that complete 
dislocation of the outer end of the clavicle is difficult to manage by conservative meth- 
ods^'*4c,’io,53^ and that some degree of deformity is almost the if operation is 

not done. The selection of the cases which require surgery after conservative treatment, 
correctly applied, has failed to achieve results, must be based on an evaluation of the indi- 
vidual patient and of his complaints. The type of operation and the time at which it should 
be undertaken are less open to argument. To speak categorically, surgery is necessary in 
untreated cases, in neglected cases, and in properly treated cases which improve so little 
under conservative measures within three or four weeks that it is unwise to require the 
patient to continue such therapy longer (Table III) . 

MANIPULATION AND REDUCTION 

The following methods of manipulation are known to reduce most acromioclavicular 
dislocations, and they were used in various cases in this series to correct the deformity 
before the application of splints; 


.TUP- .opvRmsrn' 
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1. Tlie surgeon depresses the prominent distal end of the clavicle by means of pres- 
sure by the thumb over a small felt pad®**. 

2. As an alternate method, the surgeon elevates the scapula and acromion process by 
elevation of the flexed elbow-®. 

3. The patient, while supine, is instmcted (a) to tlirow his shoulders back^°; (b) to 
abduct the arm 90 degrees or more“^ ; or (c) to hyperextend the head, in order to relax the 
pull of the trapezius on the outer end of the clavicle^®. 

4. The patient, while erect, is instructed (a) to throw the shoulders upward and back- 
^-ard-’f.co.o® . Qj. jq abduct the shoulder 90 degrees or more^®. 

Combinations of Methods 1 and 2 are most widely applied to obtain the desired posi- 
tion for immobilization in a brachioclavicular splint. In Methods 3 and 4, the surgeon 
instructs the patient in the necessaiy manoemwes, or may carrj" them out on him, as is 
most convenient. 

The ex-perience of all observers is that, although maintenance of the dislocated joint 
in position for the necessaiy six weeks is difficult, reduction of the dislocation is usuallj’’ 
easjL There are, however, several obstacles to complete reduction in the occasional case, 
which are not revealed by casual inspection. The claxdcle, for instance, may slide into 
position rotated on its long axis (Case 5), or may lie posterior to the acromion process 
even when held down at the correct level by manual pressure (Case 4). As pointed out 
previously, the cause of these difficulties was found, in cases later treated by excision of 
the distal end of the clavicle, to be due to interposition of the meniscus, frayed ends of 
capsular ligament, and flakes of articular cartilage. 

If the acromioclavicular joint is ruptured, it is possible to overcorrect the deformity 
by pushing the clavicle down below the level of the acromion process. In two cases in this 
series (Cases 8 and 18), immobilization in this position resulted in an excellent cosmetic 
and functional result. 


CONSERV.ATIVE METHODS 

Following reduction of the dislocation, various types of splints and other apparatus 
have been used to maintain the position in which the lesion would heal, it being generally 
agreed that the time required for this process is six weeks. 

Bandages : Slings and bandages, although verj”^ valuable for first aid, are seldom used 
in the definitive treatment of dislocations of the acromioclaiTcular joint. The brachio- 
clavicular slings and bandages devised by Pilcher, Desault, Velpeau, Jones, and Lund are 
difficult for modern surgeons to apply^, because they have had little or no practice with 
them, and the bandages must be painfully tight if thej’- are to be effeetive for any length 
of time^'*. Copher rexdved the bandage technique®® with his description of a figure-of-eight 
elastic bandage so applied as to elevate and retract the shoulders. 

Adhesive Dressings and Strappings: Adhesive brachioclaxdcular slings have been de- 
scribed by Stimson, Sayre, Nichols and Smith, Gordon, and iSIartin. Watson-Jones’s ad- 
hesive sling is a modification of the bandage defused by Sir Robert Jones. Thorndike and 
Quigley’s method involves the application of strappings over the shoulder and across the 
, chest to depress the clavicle, but does not elevate the scapula. 

The disadvantage of all methods requiring the use of adhesive strapping is that per- 
spiration and skin irritation make the patient e.xtremely uncomfortable and are real ob- 
stacles to treatment for the required length of time. Improved techniques, which include 
the use of protective felt boards^-®®, coaptation’ splints®®, elastic fabrics®®, and elastoplast®, 
still do not ob-viate the necessary- removal and reapplication of the dressing, which are 
almost as unpleasant for the physician as for the patient. 

Suspension: Barr, iMetz, and Caldwell®’* suspended the arm in a Balkan frame in 90 
degrees or more of abduction on the affected side, and this is a valuable method for bed- 
ridden patients who must be treated for other injuries or complications. All the evidence 
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Fig. 1-A 




Fig. 1-A: Ciibo 1. Shows ."Ciiaiiitc ai)])lic:ition of jiatldeil ami aiul bod^’ pla-sler-s. 

Fig. 1-B: The ehustic shouldc'r .'liap i.i made of a »trij) of .-alvaged inner tiilie. The rubber i.s 
btrelched liglilly over the elaviele, with its ends iloubled back on themselves between layers of 
plaster bandage, to maintain constant pressure. The ne.xL sleji (completeil in Fig. 1-C) elevates the 
scainila, as in the method of Dillohunl (inset)"’’". 



Fig. 1-C Fig. 1-D 

Fig. 1-C : Arm section of plaster has been fixed to body section and elevated to a position which 
holds the shoulder on the affected side one pr two inches higher than the shoulder on the intact side. 

Fig. 1-D ; Continuous pressure is maintained by wide area of thickly padded shoulder strap. Im- 
mobilization can be effected comfortably and without interruption for six weeks by this method. 
Support of body plaster on iliac ciests gives countertraction and aids in maintaining elevation of 
arm on body. 

in the literature, however, is to the effect that these methods, which have the advantage of 
simplicity and the disadvantage of inconvenience, have not proved to be sufficient to effect 
repair in cases of complete dislocation of the acromioclavicular joint. 

Harnesses and Braces: Currie, Warner, Rawlings, and Giannestras devised harnesses 
which follow the pattern of the brachioclavicular sling. Shaar and Howard described har- 
nesses equipped with elastics to compress the acromial end of the clavicle. Roger Ander- 
son's abduction brace differs from all others in that it elevates the shoulder by -means of a 
padded cradle under the axilla, and depresses the clavicle by means of an attached shoul- 
der strap. 
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Fig. 1-E Fig. 1-F 

Fig. 1-E; Roentgenogram sliowiBg the dislocated clavicle before treatment. This is the overrid- 
ing tjTie of joint. 

Fig. 1-F; Roentgenogram of dislocated left shoulder immediately after reduction to anatomical 
position in author’s splint. Note slight overcorrection of dislocation, as shown by comparison of 
distances between coracoid process and clavicle in the reduced left joint and the mtact right joint 
(Fig. 1-E). 


The efficiency of all of these appliances is proportional to the amount of supervision 
and instruction given the patient. The efficiency of the Roger Anderson brace is obviously 
good, and in the tropics'^ such forms of treatment are desirable because they afford greater 
comfort for the patient. On the other hand, the cost and availability of fitted apparatus of 
any kind always limits its use. 

Plaster-of -Paris Splints: Innumerable splints have been devised for the correction of 
acromioclavicular dislocation by plaster techniques, all of which have both advantages 
and disadvantages. Hunkin’s splint^®^ is a loose plaster torso cast, suspended from a 
webbed shoulder strap. Gibbens’s is a hanging arm cast, suspended from an elastic band 
over the shoulder, the principle being that the weight of the plaster will depress the outer 
end of the clavicle. In both this method and that of Hunkin, the effort to maintain reduc- 
tion is relaxed whenever the patient lies down. 

Key and Conwell recommended a thoracobrachial spica with 90 degrees of abduction, 
and Hart recommended a cast with 45 degrees of abduction; in the latter method a webbed 
shoulder strap maintains position, partly by abduction and partly by pressure. The sur- 
geons who advise abduction do not state its effect on the anteroposterior position of the 
clavicle when the joint capsule is ruptured, but there is probably some posterior displace- 
ment which must be corrected by pressure on the outer end of the clavicle. When the dis- 
location is complicated by a fracture of the acromion process, the joint surfaces, or the 
coracoid process, the shoulder spica'*®, as well as the brachiocla'vdcular cast devised by 
Bohler, is essentially a compromise to secure comfortable immobilization for the patient 
(Case 5). Trynin and Legg also devised plaster brachiocla-vicular casts, Legg’s being a 
Velpeau bandage (reported by Girard), the efficiency of which is increased by the addition 
of an adjustable elastic shoulder strap. The pressure of the shoulder strap in brachio- 
clavicular slings, without elevation of the scapula, especially in techniques which utilize 
gra-vity, is usually too much to be tolerated by the skin for six weeks, although moderate 
compression of the outer end of the cla-vicle, preferably by an elastic strap, is necessary to 
produce perfect anatomical realignment. 

Dillehunt’s torso cast elevates the acromion process, until it is aligned with the distal 
end of the clavicle, by fi.xing and elevating the arm on the side of the chest (Fig. 1-B) . 
This counteracts the pull of the trapezius and at the same time cancels the weight of the 
arm, thus achieving reduction and immobilization with verj’’ little force. 

The splint devised by the writer for the correction of complete dislocation of the 
acromioclavicular joint incorporates the most desirable features of the splints de-vised by 
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Dilloliunt, Shuar, Howard, and Legg. 
In particular, as in Dillcliunt’s splint, 
elevation of the scapula is maintained 
hy anchoring the body plaster to the 
iliac crests, to jirovidc the necessary 
counterbalance. The defect in all of 
these splints is that they fail to de- 
press the clavdcle below the level of 
the acromion process. This feature is 
desirable, because it ovcrcorrccts the 
deformity. It is necessary to the best 
cosmetic and functional end result, 
and is provided in the author’s modi- 
fication (Figs. 1-F and 2) by the elas- 
tic shoulder strap, which supplies the necessary clavicular depression without excessive 
cutaneous pressure. 

The modified splint should be applied early, before organization of the hematoma and 
healing in the tissues around the lesion is under way. It must be realized that the splint 
has the disadvantage of restricting movement of tlie arm or of the chest, which some sur- 
geons prefer to avoid 


Fia. 2 

Case S. Roentgenogram of left acromioclaricul.ar <li.■^lo- 
cation, sustaineil in a motoroi’cle accidtait, after reduetiun 
and overcorreution in aullior’s splint. Arrow.-3 indicate 
points of main pre.-.-'UK' of .Nlionlder .--trap on clavicle, 
which do not show clearlj' in film. 


EXD RE.SULT.S OF COX.SERVATIVE TREAT.MEXT 

Fifteen soldiers with complete dislocations of the acromioclavicular joint, who had 
been evacuated promptly from forward aretis in first-aid bandages or temporary adhesive, 
strappings, were treated by application of the writer’s splint (Figs, 1-A to 1-E, inclusive, 
and Fig. 2) for the required six weeks. In no instance was any untoward effect on the elbow 
observed when the splint was removed. Twelve patients returned to duty as completely 
cured after a period of physical therapy and rehabilitation. Another patient, in whom sub- 
luxation developed without pain or limitation of motion, also returned to unrestricted mili- 
tary duty, which did not increase the deformity. The two remaining patients (Cases 5 and 
6) presented subluxations associated with symptoms after several days of physical thera- 
py, following the removal of the casts, and eventually were subjected to surgical treatment. 

These fifteen patients, who were 
seen early enough to be treated by 
conservative methods, wore the splint 
for six weeks and had two weeks of 
physical therapy before the first rec- 
ord of results was made. All, however, 
were examined from three to four 
weeks after the application of the 
splint by folding the shoulder strap 
medially on itself and determining the 
mobility of the acromial end of the 
clavicle. Three patients (Cases 5, 6, 
and 34) showed free floating of the 
outer end of the clavicle (ballotte- 
ment) , as well as pain, swelling, and 
tenderness over the joint. In all of 
these cases the deformity recurred at 
six weeks, when the splint was re- 
moved. Operations in Cases 5 and 6 
revealed interposition of the capsular 



Fig. 3 

Case 17. Roentgenogram of severe dislocation of right 
acromioclavicular joint, sustained in a motorcycle acci- 
dent. Interposition of the capsular ligament is suspected, 
because the joint space was greatly increased on the af- 
fected side after reduction of the dislocation. This is the 
vertical type of joint. 
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Fra. 4 

Case 16. Roentgenogram of severe dislocation of right acromioclavicular joint, sustained in 
fall over fence on dark battlefield. Correction has been obtained by author’s splint. A false 
impression of overcorrection of the deformity may be obtained when, as in this case, the clavicle 
is displaced posterior to the acromion, but is actually farther from the coracoid process than on 
the opposite side. If treatment is undertaken early, the faulty position can be improved by 
manipulation under the shoulder strap. 

ligaments and interference with satisfactory reduction of the dislocations, which were 
not evident in anteroposterior roentgenograms of the shoulder. If a larger experience con- 
firms these early observations, the sign of the free floating end of the clavicle ma}’^ indicate 
the cases in which conservative treatment should be abandoned early. 

The results in these fifteen cases are in accord with those of other observers^'-®^-®®, 
whose reports show 10 to 20 per cent, of failures by newer conservative methods of treat- 
ment. hlany surgeons are convinced that complete dislocations respond to non-operative 
methods of treatment in a high percentage of cases^-®®-®®>®®, while others, equally experi- 
enced, are rather pessimistic*®'®®-'*®'®®'®®'®®-®'. The periodic revival of the concept that strap- 
pings are adequate for all cases, if rigorously tended, is generally disregarded by surgeons 
who have observed the comforts of more effective, newer methods*>®®'®'>'*'>®®. It should also 
be emphasized that many papers which present highly successful results ■with ob'vdously 
inadequate methods of treatment deal only with sprains, subluxations, or incomplete dis- 
locations of minor degree, such as the average football injmy sustained in “blocking”, and 
not with complete dislocations®®'*^. 

Three other patients (Cases 16, 17, and 18) were seen ten days after injury, in ad- 
hesive strappings, from which they were transferred to the writer’s splints for six weeks 
of additional immobilization. At the end of treatment, varjdng degrees of subluxation 
were present in all cases, but the associated symptoms were neither severe nor disabling. 
All three patients returned to duty, apparently perfectly satisfied with the results obtained. 
The following case report illustrates the successful result of conservative therapy: 

Case 1. This patient, while sitting in the front seat of a jeep, was thrown out after a head-on colli- 
sion with another vehicle and struck his right shoulder on the pavement. The application of a V^elpeau 
bandage in a local dispensary failed to hold the shoulder in a satisfactory position. Twenty-four hours 
later the dislocation was reduced and the shoulder was immobilized in the writer's splint (Figs. 1-A to 
1-D), which was maintained unchanged for sis weeks. At the end of this period, roentgenographic 
examination showed the correct anatomical position. There was slight induration about the acromio- 
yclavicular joint and slight crepitus was obsen-ed, but the patient had full range of motion and no 
symptoms were present after ten days of physical therapy. He returned to full duty, including calis- 
thenics and sports, eight weeks after the injury. 

SURGICAL METHODS 

Among the various surgical methods for the treatment of complete dislocation of the 
acromioclavicular joint, the most important are arthrotomy and internal fixation, arthrod- 
esis, coracoclavicular screw fixation, syndesmoplasty, ligamentope.xy, and arthroplasty. 
One patient in this series was treated by open reduction and internal fixation with a trans- 
^ articular wire (Case 32) , one by the coracoclavicular screw (Case 33) , two by skeletal 
traction (Cases 30 and 31) , and nine by excision of the outer end of the clavicle (Table V) . 
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TABLE V 

Significant Data in Nink Comfijitk Diskocations of tiik Acuomioclaviculak Joint 
Tuhathu in' Excision of tiik Distak End of tiii: Clavtct.e 


Giise 

No. 


Primary 

Treatment 

1 

Interval 

Operative Findings 

lypo of Joint 

Itesult 

Hefore 

Surgery 

Coracoclavicu- 
lar Ligaments 

Joint 

35 

Overriding 

Slim.son’s strap- 
ping 

Poor 

1 weeks 

Stietchial, but 
intact 

Fibrous adhesions 

36 

Overriding 

Walson-Jones’s 

strapping 

Poor 

4 weeks 

'rrajiczoid 
stretched and 
frayed 

Interposed capsule and 
fibrous adhesions 

37 

Overriding 

None 

Poor 

3 weeks 

Intact 

Interposed capsule am 
fibrous adhesions 

38 

Incongruenl, 

overriding 

None 

Di.s- 

location 

12 months 

Intact 

Chronic synovitis or 
fibrous ankA'losis 

39 

Incongruenl, 

overrilling 

1 

Adhesive 

brachioclai'ic- 
ular sling 

Sub- 

lu.xation 

11 months 

Oasified 

! E.xtra-articular 
new bone 

40 

incongruent, 

overriding 

Arm sling 

Sub- 

lu.xation 

10 months 

Ossified 

Extra-articular 
new bone 

41 

Incongruenl, 

overrilling 

Velpeau 

bandage 

Sub- 

lu.xation 

5 months 

Intact 

Interposed fibrous 
connective tissue 

5* 

Vertical 

Author’s splint 

Sub- 

lu.xation 

10 weeks 

Intact 

Interposed capsule am 
fibrous adhesions 

6* 

Incongruenl, 

vertical 

Author’s splint 

Sub- 

lu.xation 

1 

10 weeks 

Intact 

Interposed capsule am 
fibrous adhesions 


*See Table II for additional details concerning those two cases. 


Arthrotomy and Internal Fixation 

Many surgeons*’ have reported good results, including correction of the deformity, 
following arthrotomy and internal fixation by silver wirc^''’-*’’, phosphobronze wire”®, steel 
wire^*’--”’*’", chromic catgut’”’*^*’, screws^**, Parham bands, silk’-'’’*”’, and fascia”^, among other 
materials. Improvement in results has been reported by the use of extra-articular suture 
with arthrotomy in combination with arthroplasty, or by the use of periarticular”^ or 
coracoclavicular screws without arthrotomy’”-””. 

Bloom and Phemister have reported good results following the use of transarticular 
Kirschner Avires with arthrotomy, and INlurray has used the same method without arthrot- 
omy. The three authors report a total of twenty-seven cases. An extra-articular technique 
with Kirschner wire is also mentioned®'. The writer observed one case (Case 32) six 
months after the operation, treated by another surgeon, in which the deformity was cor- 
rected satisfactorily by Phemister’s technique. 

The end results in all these operations depend, just as when non-surgical methods are 
used, on the healing of the ligaments and of the periarticular structures. These surgical 
measures should be instituted early; they are more likely to be unsuccessful in neglected 
or old dislocations. The theoretical advantage of arthrotomy is that more accurate fixation 
of the non-osseous parts of the joint can be achieved by reposition and suture under direct 
vision, but the reports suggest that the cosmetic results and symptomatic cures are ap- 
proximately the same as those achieved by the writer and by others^''’”” who used improved 
conservative methods. 

Arthrodesis 

Before World War I, operations for suturing the acromioclavicular joint frequently 
resulted in ankylosis. Later, the articular cartilages were resected, to ensure bony fusion, 
which would correct deformity and relieve pain. Limitation of motion of the shoulder, 
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Fig 5-C 

Fig 5-A Case 5 Complete dislocation of left acromioclai icular joint was sustamed in a football 
game. Photograph taken ten daj’S after excision of outer end of clancle and just after removal of 
sutures from the incision, through which the coracoclav icular ligaments were also explored The 
affected shoulder is shghtly lower than the intact shoulder as the scapula falls forward and lower 
on the thora.x 

Fig. 5-B Twenty-one days after operation, full elev ation of arm is possible 

Fig, 5-C Functional result fifteen days after operation; range of active abduction is 90 degrees. 

Fig 5-D Functional result tvventj -eight dajs after operation; painless crossing of elbows on the 
chest IS seldom possible with any appreciable acromioclavicular separation. 

particularly of abduction, was soon observed m such cases ; and experimental observations 
on cadav^era furnished the e.xplanation, which is that the articulations of the clancle, the 
scapula, and the humerus must function independently for elev'ation of the arm. Arthrod- 
esis of the acromioclaxdcular joint is mentioned repeatedly in the literatm’e up to the 
present time^'^ as a solution for the problem of complete dislocation It is not, however, an 
acceptable procedure. As Inman and his associates have pointed out, the clavicle rotates 
on its long axis and must not be fixed, if comfortable elevation of the arm beyond 90 de- 
grees is expected to continue. 

C or aco clavicular Screw Fixation 

Bosworth in 1941 used a lag screw, inserted through the clavicle into the coracoid 
process, to fix the position of the dislocation; he eraploj’^ed the method in four cases. Ex- 
perienced clinicians®^'®®, w’ho currently advocate the method, teach that the screw must not 
be turned so tightly as to prevent “normal” motion of the clavicle, and thej’^ also advocate 
active exercises after operation. 

The writer’s experience is that normal motion of the clavicle is impossible with this 
method of fi.xation, since the clavicle rotates on its long axis with abduction The effect on 
the shoulder as a whole is the same as the effect of fusion of the acromioclavicular 
joint^®'®^; the fixation of the clavicle to the scapula limits abduction of the arm and causes 
pain, if motion is attempted bejmnd 90 degi-ees''®. 

Watson- Jones, who recommends removal of the screw after fom- to six weeks in most 
cases, reports that results by this method are better than after conservative methods, by 
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Fio. G Fio. 7 

Fig. 6: Case 7. 119011 1 genogiam of avul.sion fraoLuro of medial a.spect of right coracoid process, 
sustained in jeep accident. After overcorrcclion of deformity in author's splint for six weeks, this 
patient had a perfect cosmetic and functional re.sull. 

Fig. 7; Case 9. Roentgenogram of di.-'localion of riglit acromioclavicular process with minute 
fracture of distal end of inferior margin of clavicle, seven weeks after injur>’ was sustained by tank 
striking tree in combat. Note calcilication of inferior capsular ligament. This patient complained 
of pain imd had limitation of abduction of the arm bc'vond 00 degrees. The (intact) joint is partly 
undorriding at the inferior margin, because the articular clavicular surface is concave and the 
acromial surface is conve.x. 




I r 












Fig. S Fig. 9 

Fig 8: Case 19. Roentgenogram of dislocation of left acromioclavicular joint, seven weeks after 
fall from motorcycle. Note calcification under clavicle. Dejiosits had been evident three and one- 
half weeks after the accident, but did not show up clearly enough for reproduction. 

Fig. 9: Case 4. Dislocation of right acromioclavicular joint, eight weeks after injuiy had been 
sustained in a motorcycle accident. Ossification of the coracoclavicular ligaments and calcification 
of the meniscus, with a chip fracture of the acromion, are demonstrated by soft-tissue roentgeno- 
graphic technique. The joint line is nearly vortical. 


which he presumably means adhesive strappings. The end results of enough documentec 
cases are, however, not yet available to permit final statements. The writer observed one 
instance (Case 33) in which the screw became loose four weeks after insertion, due to boni 
resorption, and the application of another splint was necessary. 

Treatment by the coracoclavicular screw is limited to fresh injuries, and it is doubtfui 
whether patients who do not respond to non-surgical methods, because of the interpositior 
of soft parts, will be aided by it. The same objections apply to it as apply to all operative 
methods which do not include arthrotomy. 

Syndesmo'plasty 

Direct surgical repair of the conoid and trapezoid ligaments is probably impossible 
because of their inaccessibility after even the best exposure^''^ ; but suture has been accom- 
plished by indirect methods, including repair of the acromioclavicular joint. Approxima- 
tion of the ligaments was obtained when the clavicle was bound to the coracoid process 
with heavy or with wire^^Ao. The periarticular ligaments have also been 

repaired by transfer of fascia or ligaments at the site of the lesion^^AT,05_ Conclusive in- 
formation as to the final results of syndesmoplasty has not yet been recorded. 
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Ligamentopexy 

Reconstruction of the conoid and trapezoid ligaments^i"'*--^^'®-'®® qp coraco- 

clavicular and acromioclavicular ligaments--^->~‘*^*'’‘®-®^ with an isograft of fascia lata is a 
surgical feat which, until recently, was considered an effective solution for old dislocations 
with extreme deformities, flenry protected the new ligament by fastening the cla^^cle in 
position with an extra-articular loop of silver wire. Bunnell’s method is more difficult^^ 
than Henry’s, but is more effective because the capsule of the acromioclavicular joint is 
also reinforced with fascia. 

Equally experienced surgeons both recommend®-®®’®®’®® and oppose®^-®® such operations. 
The grafts of fascia lata which form the new ligaments are reported to stretch, with sub- 
sequent recurrence of the deformity, and the disability is aggi-avated by postoperative 
stiffness of the shoulder. The fascia or old ligaments almost invariably calcify, and the 
resulting sj'nosteosis limits abduction®’®^ 

Skeletal Traction 

Skeletal traction has been used for bedfast patients, suffering from severe injm-ies of 
the ribs and chest and other complications. It is capable of providing and maintaining the 



Fig. 10 Fig. 11 

Fig. 10: Case 27. Dislocation of left acromioclaHcular joint, sustained in fall from moving tank. 
Roentgenogram shows calcification of capsular ligament four months later. The patient had mild 
symptoms of traumatic arthritis at this time. This is an extreme example of the overriding type of 
joint, the articular surfaces being nearly horizorital. 

Fig. 11: Case 26. Dislocation of right acromioclavicular joint, showing coracoclaHcular synos- 
teosis, ten weeks after automobile accident caused by artillery blast. The patient had slight pain 
and limitation of abduction at this time. Because of other injuries, he was evacuated to the Zone 
of the Interior for treatment. 



Fig. 12 Fig. 13 

Fig. 12: Case 24. Roentgenogram of dislocation of left acromioclavicular joint, incurred when 
jeep rolled down an embankment under enemy fire, shows coracoclavicular s>-nosteo’si 3 nine months 
later. The patient had moderate pain and was unable to abduct the arm beyond SO decrees (Illus- 
tration has been reversed.) ° 

Fig. 13: Case 39. Healed dislocation of acromioclavicular joint, sustained when patient was 
Kicked squarely on point of shoulder in a football game. Roentgenogram, ten months after acci- 
dent, slmws loose osteocartilaginous bodies in joint and ossification of insertions of trapezoid liga- 
ment. The parient experienced annoying crepitations, had pain when doing heavy work and had 
oO degrees of liraitation of abduction. 
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Fig. 14-A Fig. M-B 



Fig. 14-C 


Fig. 14-A: Case 40. Old dislocation of loffc acromioclavicular 
joint witli linear fracture at junction of middle and outer thirds 
of cl.aviclc, produced by direct blow over shoulder in jeep acci- 
dent in combat. Note synosteosis at site of fracture, ten months 
after accident. Immediately after the injury, ecchymosis and 
marked swelling were pre-sent over the lateral aspect of the neck 
and the dorsum of the shoulder. 

Fig. I4-B: Roentgenogram after excision of outer third of 
clavicle. The patient had complete relief of sj'inptoms and re- 
turned to full duty in twelve weeks. 

Fig. 14-C: Superior and inferior asfiects of e.vcised clavicle. 
Note new-bone formation on antcro-inferior attachments of 
trapezoid ligament. 

anatomical position continuously for four weeks, ai 
shown in anteroposterior and oblique roentgenograms 
Traction is obtained by the use of small threaded pins, — 
two inserted in the outer third of the clavicle and one 


inserted into the coracoid process and tied together in 
a triangle with elastics. Rubber bands serve, in effect, as a second, external set of liga- 
ments, and maintain reduction by continuous skeletal traction. The patient, to relieve the 
tension, involuntarily elevates the shoulder on the affected side and thus actively aids in 
maintaining the reduction. 

The method can be used only on fresh cases. All the well-known disadvantages of 
external skeletal fixation obtain, and the use of the technique should be limited to unusual 
circumstances. This is not a method applicable to military or industrial practice. 


Excision of the Outer End of the Clavicle 

Morestin, late in the Nineteenth Century,, resected just enough of the outer end of the 
clavicle in two cases of acromioclavicular separation to remove the subcutaneous projec- 
tion of the bone, and similar operations have been done for osteomyelitis and for tumors-®. 
Surgical excision of the outer end of the clavicle has frequently been done for arthritis and 
other conditions®'^'’®®. These operations, as well as parallel observations on individuals with 
partial®® or complete absence of the clavicle'^-, led to the conclusion that absence of the 
clavicle is better than acromioclavicular ankylosis, and that there is little postoperative 
disability, other than possibly slight impairment of the muscle coordination needed for 
forceful forward thrusts of the arm or for acrobatics'^®. 

Mumford and Gurd almost simultaneously revived interest in this operation, both for 
fresh cases and for old dislocations of the acromioclavicular joint. Rowe added suture of 
the cut end of the clavicle to the coracoid process with nylon, but most surgeons do not 
regard this as a necessary part of the operation. The writer resects from six to eight centi- 
meters of the clavicle, so that the stump is excluded from interference with the motions of 
the scapulohumeral joint. 
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This method attained wide favor in the Ai’med Forces, and nine cases in this series 
were so treated (Table V) after conservative methods had failed. The cosmetic result in 
all instances was excellent (Figs. 5-B and 5-D) , as the contour of the dorsum of the shoul- 
der was maintained by the acromion; but neither the function nor the appearance of the 
shoulder should be described as “normal”. A patient in whom the outer end of the clavicle 
has been excised clearly demonstrates that the clavicle acts as a kind of j’ardarm, which 
prevents the shoulder from falling anteriorly and inferiorly on the chest wall (Fig. 5-A) , 
and that this is probably its most important function in man. In young men, the mus- 
culature of the shoulder girdle compensates for the stability which is lost with the absence 
of the clavicle, but all of the nine patients admit having earlier fatigue or slight weakness 
in the shoulder on prolonged vigorous exercise, as compared with the intact opposite side. 
Disability and pain from the acromioclavicular dislocation, however, were relieved com- 
pletely within a few weeks after the operation. 

The two case histories which follow illustrate the indications and results of this sm-- 
gical method. 

Case 5. A football plas’er was struck sharp^- over the dorsum of the shoulder b3' an opponent, who 
blocked him out of a line plaj’. A Velpeau bandage was applied at an aid station, and was replaced two 
daj'S later by the splint devised bj- the writer. Eoentgenograms showed excellent reduction, but with 
slight widening of the acromioclavicular joint as compared with the joint on the opposite, intact side. 
Four weeks after the injury, the distal end of the clavicle was abnormally mobile and apparentlj' floating 
free. At six weeks, the splint was removed and daily exercises at the shoulder wheel were begun. At eight 
weeks there was 30 degrees of limitation of elevation of the arm, and pain and crepitus were experienced 
when the patient was at the shoulder wheel. The distal end of the clavicle rose out of the joint when the 
arms were folded across the chest. Ten weeks after the injury, the soldier was examined in the out- 
patient clinic and it was concluded that his complaints were justified and that further treatment was 
indicated. The distal end of the clavicle was therefore excised. Exercises were begun before the sutures 
were removed. Three weeks after operation there was no deformity, no limitation of motion, no crepitus, 
and no other symptoms or disability. The patient cheerfully returned to full dutj-. This case represents 
one of the instances in which the ruptured acromioclavicular joint fails to heal under ideal conditions, 

C.ASE 40. This patient sustained a fracture of the left cla%icle, with separation of the acromiocla'vic- 
ular joint, in a jeep accident in France. The fracture healed uneventfully and in good position, and 
the soldier returned to combat. Isine and one-half months after the accident, he reported that pain 
had begun in the left shoulder and had become increasingly severe. It was aggravated bj* exercise in 
games and calisthenics. Phj'sical examination showed that the claAncle on the injured side was more 
prominent than on the normal side; the acromioclavicular joint was painful to palpation, but was not 
abnormally mobile. There was 30 degrees of hmitation of abduction of the arm. Roentgenograms 
showed a well-healed fracture at the junction of the middle and outer thirds of the clavicle, with 
synosteosis between the fracture site and the coracoid process and ossification of the conoid and 
trapezoid ligaments. 

At operation, a mass of bone and scar tissue was found throughout the insertion of the subclavius 
muscle and the region of the coracoclavicular hgaments. A. column of bone was palpable between the 
site of the old fracture and the coracoid process. The distal third of the clavicle and the ossified coraco- 
clavicular ligaments and scar were removed en masse, with a minimum of dissection. Phj'sical therapj- 
was begun as soon as the sutures had been removed. At the end of three weeks the patient could lift 
heavy weights and had full range of motion ; he was therefore discharged to full dutj'. 

AS50CLATED FBACTUBE3 

As already noted, eleven patients in this series presented, in addition to complete dis- 
location of the acromioclavicular joint, twelve associated fractm-es, distributed as follows: 

Clavicle {Eight Fractures) : One wms a transverse fracture at the junction of the 
middle and outer thirds of the shaft (Case 40) ; four were subchondral compression frac- 
tures (Cases 5, 35, 36, and 41) ; one was a chip fracture of the acromial end of the inferior 
margin, in a partially undergliding joint (Case 9, Fig. 7) ; and two were ax-ulsion fractures 
of the trapezoid ridge (Cases 8 and 16). 

Acromion Process (Two Fractures) : One was a chip fracture (Case 4, Fig. 9) and 
one a fissure fracture (Case 34) . 
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Coracoid Process {Two Avulsion Fractures, Cases 7 and 34 j : The fracture in Case 34 
was in addition to a subchondral compression fracture of the clavicle. 

As is true of similar traumatic lesions in dislocations in other areas of the body, the 
ligament presumably suffered less damage when its bony insertion was avulsed. The pres- 
ence of avulsion fractures of the coracoid j)rocess did not influence healing adversely, and 
conservative therapy gave good results in both cases; ossification of the coracoclavicular 
ligaments occurred in all. The same was true of the single avulsion fracture of the inferior 
surfaec of the clavicle. Painful abduction was ])resent in three of the five cases in which 
articular surfaces were involved in the injury, and painful joints persisted for a time in all; 
but these symptoms eventually disappeared in all but one case (Case 8), in which e.vcision 
of the outer third of the clavicle was eventually necessary. 

Primary e.\cision of the joint is probably not justifietl in dislocations associated with 
fraetures in military surgery, until a period of duty establishes disability, as the following 
case shows. 


Casi: 31. This patient, an engineer, was struck on the left shoulder by a falling beam as he was 
working with a crane. Itoontgenogra])hic e.xamination, one hour later, showed a linear fracture of the 
acromion process without displacement, avul.'-ion of the coracoid process, and aciomioclavicuiar separa- 
tion. 

Because of the swelling and ecchymosi.-, over the doisum of the shoulder, the plaster-of-Paris abduc- 
tion splint of Kc 3 ' and Conwell was considei-ed more practical than the Legg-Girard splint, which requires 
the pressure of a shoulder strap. (The acromioclavicular sei)aration, however, is onij' iwrtialh’' reduced by 
this method, because the distal end of the clavicle is displaced slight^' posteriori}’, and the distance 
between the clavicle and the acromion process is undesirably increased.) 

At the end of two weeks, the dorsal .‘■cefion of the cast was removed, and massage and biceps-setting 
exercises wore ordered. At six weeks, the remainder of the cast was removed and limited exercises were 
undertaken. At eight weeks, the patient began to u.-e the shoulder wheel. Kocntgenographic e.vamiuation 
at this time showed union of the coracoid jirocess to the scapula and complete healing of the fracture of 
the acromion process. When the patient returned to dut}', twelve weeks after the accident, he had a 
slight subluxation, but was free from symptoms. 


COiMPLICATIOXS .VXD SEQUEL.VE 

Pain and limitation of motion may develop early or late and in any type of case, re- 
gardless of whether it was untreated, poorly treated, or well treated. The management 
depends upon the etiology. 

Arthritis 

Osteo-arthritic changes in the articular surfaces of the acromioclavicular joint, cal- 
cifications in the capsular ligament, and loose osteocartilaginous bodies were found on 
roentgenographic examination in twelve cases in this series (Figs. 9, 10, and 13) . Five were 
treated by excision of the distal end of the clavicle, and had complete relief of symptoms 
within three weeks after operation. 

Atrophy or rarefaction of the acromial end of the clavicle was apparent in the roent- 
genograms in almost all severe or old cases. AVhen immobilization was discontinued, if the 
dislocation remained reduced and normal function had been resumed, the density of the 
bone gradually returned to normal. 

In two cases in this series (Cases 35 and 36), so-called avascular necrosis or osteo- 
chondritis^^’ was observed. In both cases, subchondral fractures were found at open opera- 
tion. Gross examination and roentgenographic examination of the excised specimens 
showed sclerosis of old bone, irregular areas of resorption, and new subperiosteal bone 
formation, typical of the process of healing of crushed spongiosa. Avascular necrosis is not 
frequent, but should be e.xpected in severe cases, as demonstrated by the roentgenograms, 
whether or not reduction has been accomplished. 

All the changes described, although they are regarded as evidence of traumatic ar- 
thritis by many observers^^’®^'®®’®'^-'’'’, do not necessarily give rise to symptoms. Although 
they were present in roentgenographic examinations in twelve cases, only seven of the 
patients had genuine pain. 
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Calcification and Ossification of Soft Parts 

Calcified structures between the coracoid process and the clavicle have frequently 
been described and various interpretations have been placed upon them, depending upon 
their location. They have appeared in ossifying hematoma^", in a bursa between the conoid 
and trapezoid ligaments’’*^, under the torn periosteum**®, and in the substance of the torn 
ligaments**’®**’®^’*'^’®^’®'. Svab demonstrated that the new bone ma}^ arise in endochondral 
ossification, presumably of primitive connective-tissue cells in the substance of the liga- 
ment. ^^'^akeley regards the phenomenon as a hopeful sign of the reuniting of the torn 
ligaments. Ligamentopexy invariablj'^ results in ossification of the ligaments, and trans- 
planted fascia lata in this region has the same fate®**. 

Calcification of the conoid and trapezoid ligaments was demonstrated roentgeno- 
graphically in eighteen of the cases in this series (Figs. 8 to li-C). The deposits first 
appeared within three or four weeks after the injury, and increased in density and extent 
through several months of healing. The final size of the deposit varied between a fleck, 
which could be demonstrated only bj' oblique roentgenograms, by soft-tissue technique, 
and massive ossification of the coracoclavicular ligaments and sjmosteosis of the clavicle 
and scapula. Gross and roentgenogi-aphic examination of the new bone in excised specimens 
showed that it appeared in some cases as an outgi-owth from the periosteum of the cla^ficle 
or the coracoid process, and in some it appeared as an unattached bodj". 

The complaints and physical examinations in these cases showed that, up to the point 
of actual fusion of the clavicle and scapula, the deposits were of no clinical significance. 
When the synosteosis was nearly complete (Case 24) , the range of motion of the coraco- 
clavicular syndesmosis was diminished, and the effect on function was the same as if 
ankylosis of the acromioclavicular joint had occurred. In the case mentioned, abduction 
beyond 90 degrees was painful and limited, although the degi’ee of subluxation was only 
moderate. Both the symptoms and the deformitj' were relieved by excision of the outer 
end of the clavicle. 

Synovitis and Joint Adhesions 

When synovitis and adhesions are present in acromioclavicular dislocation, the pa- 
tients complain of vague pains and uncomfortable crepitations in the absence of roent- 
genographic changes in the bone or joint, sometimes associated with swelling over the 
acromioclavicular articulation. This occurs whether or not treatment of the deformity has 
been successful. The patients also complain of instability with extreme motions of the 
shoulder, although this usually disappears over a period of years. Kostler emphasizes the 
dislocation of the meniscus as a factor in such cases. 

One patient in this series (Case 6) requested further treatment a year after treatment 
of a complete dislocation, on the gi’ound that, because of the symptoms mentioned, he 
could not perform his duties as a stevedore. Excision of the outer end of the ‘clavicle 
showed the joint cavity to be obliterated by intra-articular fibrous connective tissue, 
calcified capsular ligament, and torn meniscus, which Kostler has emphasized as the 
inciting factor in such cases. 


SUMM.\BA' AND CONCLUSIONS 

1. Complete dislocation of the acromioclavicular joint may occur with, or more often 
without, gross rupture of the coracoclavicular ligaments. The normal excursion of the 
conoid and trapezoid ligaments permits dislocation when the joint alone is involved. 

2. Calcification and ossification, observed with the aid of soft-tissue roentgenographic 
techniques, were found in the region of the conoid and trapezoid ligaments in approxi- 
mately half of this series of forty-one cases. This phenomenon may be interpreted as a 
part of the process of healing of the ligaments. 

3. The possible anatomical variations from the supposed normal joint structure may 
determine the success or failure of conservative treatment and the incidence of sequelae. 
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4. Improved methods of conservative treatment may be expected to correct the de- 
formity and relieve symptoms in approximately 80 per cent, of the cases of complete dis- 
location of the acromioclavicular joint. In the remaining 20 i)er cent., deformity, pain, or 
limitation of motion may indicate the need for additional treatment by surgical measures. 

5. A modification of the splints devised by Dillchunt, Howard, Shaar, and Legg is 
capable of overcorrection of the deformity, which is the key to success with conservative 
measures. 


(i. The chief obstacle to elfective conservative treatment is interi)usition of soft 


parts, — such as meniscus, frayetl caiKsular ligament, and flakes of articular cartilage be- 


tween the joint surfaces. 

7. E.xcision of the outer end of the clavicle, used successfully in nine cases in this 
scries, is apparently the most uniformly successful method of treatment for both recent 
and old complicated acromioclavicular dislocations. 

8. Two observations ol possible diagnostic and ])rugnostic i 2 nj)ortance wove noted in 
the course of the study, although the limited number of cases does not permit positive 
statements concerning them at this time; (a) An increase in the width of the joint space 
on the injured side, demonstrated roentgenograpliically, indicates posterior displacement 
of the outer end of the clavicle, even when the acromion process and the clavicle are cor- 
rectly aligned, (b) Palpable posterior di.splacement and abnormal mobility of the outer 
end of the clavicle, after three weeks of healing, indicate the probable failure of conserva- 
tive methods and the recurrence of the dislocation. 


Note: The author presents liis thanks for help in preparing tlie manuscript to Colonel Mather 
Cleveland, Senior Consultaut in Orthopaedic Surgeiy, European Theater of Operations, Supreme Head- 
quarters Allied Expeditiouaiy Forces. 


REFEUEXCES 

1. Anderson, Rooeii, and Bukoess, Ernest: Acromioclavicular Dislocation. A Conservative Method 
of Treatment. Northwest Med., 38: 40— 1-1, 1939. 

2. Appell, a. a.: Acromio-Clavicular Dislocation. Canadian Med. Assn. J., 43: 23-25, 1940. 

3. Barr, J. S.: Dislocations of the Clavicle. In Experience in the Management of Fractures and Dis- 
locations, edited by B. D. Wilson, pp. 3S7-3S9. Philadelphia, J. B. Lijjpmcott Co., 193S. 

4. Benson. R. A.: Acromioclavicular Dislocation. U. S. Naval Med. Bull., 34: 341-342, 1936. 

5. Bertwistle, A. P.: Acromio-Clavicular Dislocation and Sprain. Clin. J., 66: 76-77, 1937. 

6. Birkett, a. N.: The Result of Operative Repair of Severe Acromio-Clavicular Dislocation. British 
J. Surg., 32: 103-105, 1944-15. 

7. Bloom, F. A.: Wire Fixation in Acromioclavicular Dislocation. J. Bone and Joint Surg., 27 : 273- 
276, Apr. 1945. 

8. Bohler, Lorenz : Treatment of Fractures, Etl. 4, p. 172. Translated by E. W. Hey Groves. Balti- 
more, William Wood and Co., 1935. 

9. Bonnin, j. G.: Complete Outline of Fractures, p. 454. London, William Heinemann, Ltd., 1941. 

10. Boswortii, B. M.: Acromioclavicular Separation. New Method of Repair. Surg., Gynec., and 
Obstet., 73: 866-871, 1941. 

11. Bowers, R. F.: Complete Acromioclavicular Separation. Diagnosis and Operative Treatment. J. 
Bone and Joint Surg., 17 : 1005-1010, Oct. 1935. 

12. Bunnell, Sterling; Fascial Graft for Dislocation of Acromioclavicular Joint. Surg., G 3 mec., and 
Obstet., 46 : 563-564, 1928. 

13. Cadenat, F. M.: The Treatment of Dislocations and Fractures of the Outer End of the Clavicle. 
Internal. Clin., Series 27, 1: 145-169, 1917. 

14. Caldwell, G. A.: Treatment of Fractures, pp. 181-182. New York, P. B. Hoeber, Inc., 1943. 

15. Caldwell, G. D.: Treatment of Complete Permanent Acromioclavicular Dislocation by Surgical 
Arthrodesis. J. Bone and Joint Surg., 25 : 368-374, Apr. 1943. 

16. Campbell, W. C.: Operative Orthopedics, p. 484. St. Louis, C. V. Mosby Co., 1939. 

17. Campos, 0. P.: Acromioclavicular Dislocation. Am. J. Surg., 43: 287-291, 1939. 

18. Carrell, W. B.: Dislocation at the Outer End of Clavicle. J. Bone and Joint Surg., 10: 314-315, 
Apr. 1928. 

19. Cooper, E. S.: New Method of Treating Long-Standing Dislocations of the Scapulo-clavicular 
Articulation. Am. J. Med. Sciences, 41: 389-392, 1861. 


THE JOURNAL OF BONE AND JOINT SURGERY 



COMPLETE DISLOCATIOKS OF THE ACROMIOCLA\TCULAH JOINT 


835 


20. CoPHEB, G. H.: A Method of Treatment of Upward Dislocation of the Acromial End of the Clavicle. 
Am. J. Surg., 22; 507-50S, 1933. 

21. Ctjrbe, D, I.; An Apparatus for Dislocation of the Acromial End of the Clavicle. British ;Med. J., 
1; 570, 1924. 

22. Delbet .\nd Mocquot, quoted by Cadenat“. 

23. Dillehdnt, R. B.: Luxation of the Acromioclavicular Joint. Surg. Clin. Xorth America, 7: 1307- 
1313,1927. 

24. Duxeop, John; Dislocations of the Outer End of the Clavicle. California and West. ]Med., 26; 3S- 
40, 1927. 

25. En.u.T, W.; Luxatio acromioclavicularis mit gleichzeitigem Abriss des Processus coracoideus scapu- 
lae. Arch. f. Orthop. u. Unfall-Chir., 34; 421—425, 1934. 

26. Ehlert, Herm.^nn; Die Luxation im Acromio-Claxdculargelenk. Zentralbl. f. Chir., 66; 1895-1898, 
1939. 

27. Eikenb.vry, C. F., .^nd LeCocq, J. F.; The Operative Treatment of Acromioclaxdcular Dislocations. 
Surg. Clin. North America, 13; 1305-1314, 1933. 

28. Elkin, D. C., .\nd Cooper, F. W., Jr.; Resection of the Cla\dcle in Vascular Surgery. J. Bone and 
Joint Surg., 28; 117-119, Jan. 1946. 

29. Felsenreich, Fritz; Extraartikuliire Fesselung der totalen akromioklavicularen Luxation. Zen- 
tralbl. f. Chir., 62; 871-874, 1935. 

30. Fulton, W. A.; A Treatment for Greenstick Fractures and for Dislocations of the Claidcle. J.- 
Lancet, 43; 383-385, 1923. 

31. FiiRST, Adolp; Zur operativen Behandlung der Luxatio acromioclax-icularis. Zentralbl. f. Chir., 60; 
12-15, 1933. 

32. G.\llie, W. E.; Dislocations. New England J. Med., 213; 91-98, 1935. 

33. G.\tewood, L. C.; Dislocation of the Outer End of the Clavicle. Surg. Clin. Chicago, 3; 1193-1197, 
1919. 

34. Gegenb.wer, quoted by PiersoP. 

35. Gl\nnestr.^s, N. J.; A Method of Immobilization of Acute Acromioclaidcular Separation. J. Bone 
and Joint Surg., 26; 597-599, July 1944. 

36. Gibbens, M. E.; .An Appliance for the Conservative Treatment of -Acromioclaidcular Dislocation. 
J. Bone and Joint Surg., 28 ; 164-165, Jan. 1946. 

37. Gni.\RD, P. M.; .Acute .Acromioclavicular Dislocation. Bull. U. S. .Army Med. Dept., No. 82, p. 5, 
Nov. 1944. 

38. Golding, F. C.; Traumatic Lesions of the Bones and Joints. In Text-Book of X-Ray Diagnosis, 
edited by Shanks, Kerley, and Twining, Vol. 3, p. 367. London, H. K. Lewis and Co., Ltd., 1939. 

39. Gordon, Donald; Discussion of the paper by Thorndike and Quigley^. 

40. Gradotevitch, Borivote; Coracoclavicular Joint. J. Bone and Joint Surg., 21; 918-920, Oct. 1939. 

41. Gurd, F. B.; The Treatment of Complete Dislocations of the Outer End of the Claidcle. .An Hith- 
' erto Undescribed Operation. Ann. Surg., 113: 1094-1098, 1941. 

42. H.agq.art, G. E.; The Treatment of .Acromioclavicular Joint Dislocation. Surg. Clin. North .America, 
13; 683-688, 1933. 

43. Haxiill, R. C.; .Acromio-Claidcular Dislocation. Intemat. Clin., Series 30, 3 ; 130-132, 1920. 

44. H.art, V. L.; Treatment of Acute .Acromioclavicular Dislocation. J. Bone and Joint Surg., 23; 175- 
176, Jan. 1941. 

45. Henry, M. 0.; Acromio-Clavicular Dislocations. Minnesota Aled., 12 : 431— 433, 1929. 

46. Horsch, K.: .Akute purulente Schliisselbeinosteomyelitis und Schultergiirtelfunktion nach Schliissel- 
beinresektion. Zentralbl. f. Chir., 64; 2577-2582, 1937. 

47. Howard, N. J.; Acromioclavicular and Sternoclavicular Joint Injuries. .Am. J. Surg. 46- 284-291 
1939. 

48. Insi.an, V. T.; S.aunders, J. B. deC. M.; .and Abbott, L. C.: Obseri-ations on the Function of the 
Shoulder Joint. J. Bone and Joint Surg., 26: 1-30, Jan. 1944. 

49. Key, J. A., and Conwell, H. E.; The Management of Fractures, Dislocations, and Sprains, Ed. 3. 
p. 497. St. Louis, C. V. Mosby Co., 1942. 

50. Kxient, Rans; Zur Behandlung der Luxatio acromio-clavicularis. Zentralbl. f. Chir,, 59; 410-413, 

51. Krenn, L.; Zur konservativen Therapie der Luxation im Acromioclaviculargelenk Chirurg 8- 
97-102, 1936. 

52. Kostler, j.; Der Zwischenbandschaden im Schulterreckgelenk. Chirurg, 14 : 389-394, 1942. 

53. L.asheb, W. W.; Cartilage Injuries. .A Clinical Study. Am. J. Surg., 6; 493-500, 1929. 

54. Liberson, Fr.ank; The Role of the Coracoclavricular Ligaments in Affections of the Shoulder Girdle 
Am. J. Surg., 44: 145-157, 1939. 







836 


M. H. URIST 


55. LiNDULoar, K.: Eine riintgciiologi.sclic Sludic iihpr Artliriti.s !u;romiali.s. Acta Chir. Scandinavica, 'll- 
174-182, 1935-36. 

56. McCuumcii, TI. J.; Calcification of tlie Iluiv.a of llio Coracoclavictdar Ligament. Briti.ih J. Surg. 
26: 329-332, 1938. 

57. jMclMiniit.w, T. P.: A Practice of Ortliopacdic Surgery, pp. 83-84. Baltimore, William Wood and Co., 
1937. 

58. jMcNk.m.y, R. W.: Di.slocation.s and I'Vacfure-Dislocation.'i Occurring at the Acromioclavicular Ar- 
ticulation. Illinoi.'^ Med. J., 41: 202-205, 1922. 

59. M.\ci:v, ir. B.: Sc'paralion of Acromiocl.avicular Joint; Report of a Ca.'-e. Proc. Staff Meet., Mayo 
Clin., 11 : 083-084, 1930. 

60. M.utiiu:, II. C.: Injury to Shoulder Clirdlo. In Bancroft and Murray’.s Surgical Treatment of the 
Motor-Skeletal Sy.stcm. Part If, jj. 829. Philadeljihia, J. B. rJi)i)incott Co., 1945. 

61. Mi;tz, A. R.: In discu.'^.sion of the jjaper t>y Thorndike and Quigley'"’. 

62. MKYKiiDixn, II. W.: The Tiaaitment of Acromioclavicular Di.sloc.ation. Snrg. Clin. North America, 
17: 1199-1205, 1937. 

63. Mrrcm:r.r,, A. B.; Dislocation of Outer End of Clavicle. British Med. J.. 2: 1097, 1920. 

64. Moff.w, B. M.; Sei)aration of the Acromioclavicular Joint. Surg., Cvnec., and Ohstet., 41; 73-74, 
1925. 


65. M 0 UE.STIN, II.: quoted b}' Cadenat”. 

66. Moseley, II. F. : Shoulder Lesion.s, ji. 101. Springfield, Illinoi.s, Charles C. Thoma.s, 1944. 

67. Mumfoiu), E. B.: .\cromioclavicular Dislocation. .-V New Oi)erative Treatment. J. Bone and Joint 
Surg., 23: 799-802, Oct. 1941. 

68. Muiin.\Y, CiOUDON’; Fixation of Dislocations of the .\cromioclavicular Joint and Rupture of the 
Coracoclavicular Ligaments. Canadian Med. .\.<sn. J., 43: 270-273. 1910. 

69. Nutteu, P. D.: Coracoclavicular .Articadations. J. Bone and Joint Surg., 23: 177-179, Jan. 1941. 

70. Pe.vrson, G. R.: Radiographic Technic for .Vcromioclavicular Dislocation. Radiology, 27 : 239, 1936. 

71. PnEMiSTEu, D. B.; The Treatment of Dislocation of the .Acromiodavicular Joint by Open Reduction 
and Threaded-Wire Fixation. J. Bono and Joint Surg., 24: 166-168, Jan. 1942. 

72. PiERSOL, G. Human .\natomy. Including Structure and Development and Practical Considera- 
tions, edited by G. C. Huber, Ed. 9, p. 262. Philadelphia, J. B. Lii^pincott Co., 1930. 

73. Pilcher: Dislocation of the .\cromial End of the Clavicle. New York Med. J.. 43: 419—120, 1886. 

74. Poirier, Paul, et Rieffel, Henri; Mecanisme des luxations sus-acromiales do la clavicule, leur 
traitement par la suture osseuse. Arch. Gen. do Med., 1: 396—122, 1891. 

75. Rawlings, Graiiaaie: Acromioclavicidar Dislocations and Fractures of the Clavicle. A Simple 
Method of Support. Lancet, 2: 789, 1939. 

76. Riddel, J. : Dislocation of the Acromioclavicular Joint. British Med. J., 1: 697, 1926. 

77. Roberts, S. M.: Acromio-Clavicular Dislocation. Anatomical Exposure of the Outer End of the 
Clavicle and the Coracoid Process. Am. J. Surg., 23; 322-324, 1934. 

78. Rost, F.: Die Behandlung der Luxatio acromialis claviculae. Deutsche med. Wchnschr., 59: 608- 
609, 1933. 

79. Rowe, M. J.: Nylon Bone Suture. Surgery, 18 : 764-768, 1945. 

80. ScHLYViTCH, B.: tlber den Articulus coracoclaviculari.s. Anat. Anz.. 86: 89-93, 1937. 

81. Schneider, C. C.: Acromioclavicular Dislocation: Autoplastic Reconstruction. J. Bone and Joint 
Surg., 15: 957-962, Oct. 1933. 

82. Sfiaar, C. M.: Upward Dislocation of Acromial End of Clavicle. Treatment by Elastic Traction 
Splint. J. Am. Med. Assn., 92 : 2083-2085, 1929. 

83. Shands, A. R., Jr.: An Analj’^sis of the More Important Orthopedic Information. Surgery, 16: 569- 
616, 1944. 

84. Shands, A. R., Jr.: Handbook of Orthopaedic Surgery, Ed. 2, p. 454. St. Louis, C. V. Mosby Co., 
1940. 

85. Speed, Kellogg : A Text-Book of Fractures and Dislocations. Covering Their Pathology, Diagnosis, 
and Treatment, Ed. 4, p. 290. Philadelphia, Lea and Febiger, 1942. 

86. Steindler, Artfiur: Orthopedic Operations; Indications, Technique, and End Results. Springfield, 
Illinois, Charles C. Thomas, 1940. 

87. SvAB, V.; Posttraumatische Ossifikation der Korakoklavikularbander. Fortschr. a. d. Geb. d. Ront- 
genstrahlen, 55: 366-375, 1937. 

88. Taylor, Selwyn: Clavicular Dysostosis. A Case Report. J. Bone and Joint Surg., 27: 710-711, Oct. 
1945. 

89. Thorndike, Augustus, Jr., AND Quigley, T. B.: Injuries to the Acromioclavicular Joint. A Plea for 
Conservative Treatment. Am. J. Surg., 55: 250-261, 1942. 

90. Tuggle, A., AND Mitton, K. L.: Clavicular Dysostosis. Am. J. Roentgenol., 45; 728-729, 1941. 


THE journal of BONE AND JOINT ^RGERY 



COMPLETE DISLOCATIONS OP THE ACROMIOCLA'i'ICHLAR JOINT 


837 


91. Tyleh, G. T., Jr.: Acromioclavicular Dislocation Fixed by a Vitallium Screw. Am. J. Surg., 58: 245- 
247, 19-12. 

92. Trynin, a. H.: Conservative Treatment for Complete Dislocation of the Acromiocla^-icular Joint. 
J. Bone and Joint Surg., 16: 713-715, July 1934. 

93. Us.\DEL, G.: Zur Behandlung der Luxatio claviculae supraacromialis. Arch. f. klin. Chir., 200: 621- 
626, 1940. 

94. Vere-Hodce, quoted bj' Watson-Jones““. 

95. V.uiG.\s, Luthero: Repair of Complete Acromioclavicular Dislocation, Utilizing the Short Head of 
the Biceps. J. Bone and Joint Surg., 24: 772-773, Oct. 1942. 

96. W.uiNER, A. H.: A Harness for Use in the Treatment of Acromioclavicular Separation. J. Bone and 
Joint Surg., 19 : 1132-1133, Oct. 1937. 

97. Wakeley, C. P. G.: Stabilisation of the .Acromioclavicular Joint. Lancet, 2 : 708-710, 1935. 

98. W.\TKixs, J. T.: .An Operation for the Relief of Acromio-Clavicular Luxations. J. Bone and Joint 
Surg., 7 : 790-792, Oct. 1925. 

99. W.\TsoN-JoNE.s, R.: Fractures and Joint Injuries, Ed. 3, Vol. II, pp. 433-135. Baltimore, Williams 
and Wilkins Co., 1943. 

100. Wilson, P. D., and Cochrxne, W. .A.: Fractures and Dislocations. Immediate Management, .After- 
Care, and Convalescent Treatment, with Special Reference to the Conservation and Restoration of 
Function, p. 75. Philadelphia, J. B. Lippincott Co., 1925. 

101. WoLiN, Irving: -Acute .Acromioclavicular Dislocation. .A Simple Effective Method of Conservative 
Treatment. J. Bone and Joint Surg., 26 : 589-592, July 1944. 


VOL. 2S, NO. 4, OCTOBER 1946 



OBSTF/nUCAL DISLOCATION OF TIIF HIP ASSOCIATED WITH 

FRACTURE OF THE FEMUR 


BY EDUAHDO ABCIVAU El.lZAl.OK, M.D., C.UAYAQl'lB, ECUABOIl 

Traumatic dislocation of tlic femur is rare, because the ligaments wliicli reinforce th< 
capsule are very strong. In c‘a.se.s of oxce.^sive trauma — as from energetic traction — epi' 
pl)ysiol)'sis or fracture of tiie femoral diaphysis may be profluccfl, but not dislocation. L 
is for this reason that treatises on fractures rarely mention dislocation of the fetnur o; 
obstetrical origin. 

The two cases presented here are cases of real fracture-tlislocation of the hip, causet 
by forcible manoeuvres during birth. Breech deliveries were performed in each case; the 
thigh was subjected to strong traction with rotation ami extreme abduction during the 
course of the delivery. 

This type of fracture-dislocation may be dilYerentiated from the more usual type ol 
congenital dislocation upon the basis of roentgenographic findings. 

The clinical picture of the obstetrical fracture-dislocation is characteristic: Aftei 
a difficult delivery, an apparent disproportion in the length of the infant’s limbs will be 
noted. In addition, there is intense pain upon motion of the injured limb. After two oi 
three days a swelling of the inguinal region, the thigh, and the gluteal region may be noted 
There is a bz'awny induration, and a slight elevation of temperature of the skin. The limt 
is hold in a characteristic position of external rotation and slight flexion. 

Because of the pain, the child does not gain weight or sleep calmly. He is startled easily 
and has a poor appetite. He cries violently when the mother attempts to change his clothes. 
There is shortening of the thigh, and the greater trochanter lies above the Nelaton-Roser 
line. 

The prognosis is favorable when treatment is undertaken within the first fifteen clays 
after birth. In the cases presented here, the patients have been completely cured. No case 
of luxation with untreated fracture has been observed. The ti’oatment consists of reduc- 
tion and proper immobilization. In the reduction, the Lorenz procedure, employed in the 
treatment of congenital dislocation, is utilized. Under ether anaesthesia, the opposite hip 



Fig. 1-A Fig. 1-B 

Fig. 1-A; Roentgenogram taken two days after birth, on October 18, 1943. 
Fig. 1-B : December 29, 1943. 
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Fig 1-E 
April 11, 1944. 


Fig 1-F 
July 18, 1944 


is fixed, while the operator flexes the 
injured thigh upon the abdomen. 

With both hip and knee flexed, the 
extremity is externally rotated. Usu- 
ally a snap, produced by the head 
dropping into the acetabulum, is felt 
during the course of this manoeu\Te 
The reduction is performed with 
roentgenographic control. If satis- 
faetorj^ the limb is placed in a posi- 
tion of 135 degi'ees of flexion, 40 de- 
gi’ees of abduction, and slight inter- 
nal rotation. 

Castex is preferred to the ordi- 
nary plaster-of-Paris spica, because 
it is lighter and waterproof. The 
plaster is left in place for a period 
of forty-five days After removal of 
the plaster, all other forms of treat- 
ment — such as massage and exercise — are found to be unnecessary. The results of such 
treatment are good, and are illustrated in the following cases. 



Fig 1-G 

Final result, on January 9, 1946. 
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CASE REPORTS 

Case 1. S. C., a girl, was born on October 16, 1943, after a difficult deliverj^, during which traction 
was exerted upon the left lower extremity. On the daj' after deliverj', the parents noted a swelling of the 
thigh, with a slight shortening of the left limb. AH movements were extremelj' painful, and several times 
the child awoke and cried out. Two days after birth, roentgenograms (Fig. 1-A) revealed a supra- 
acetabular subluxation. This was associated with several loose bone flakes in the cortex of the greater 
trochanter. There was slight elevation of the pelvis on the affected side, but the acetabulum had the 
same appearance as that on the normal side. 

On November 3, 1913, reduction was accomplished, according to the technique described. After the 
reduction a plaster was applied ; this was removed at the end of fortj’'-five days. At that time the loose 
trochanteric fragment was united to the lateral surface of the trochanter. The dislocation had been 
overcome, but a slight varus deformity of the femoral neck was present. There was marked periosteal 
thickening of the femoral diapliA’sis. 

In the roentgenogram taken on Febmaiy 2S, 1944 (Fig. 1-C), there appeared to be a slight increase 
in the varus position of the neck, suggestive of the beak of a parrot. The diaph 3 'sis was thicker. In 
contrast to the findings in congenital dislocation of the hip, the epiphj'seal nucleus was visible on the 
affected side, but not on the normal side. Roentgenograms taken five months after injurj- (Figs. 1-D and 
1-E) showed complete recoverj’. The capital epiphj’ses could be seen on both sides. The slight varus 
position of the neck and the slight thickening of the shaft were still present. Roentgenograms (Fig. 1-F), 
taken eight months after treatment, revealed the persistence of varus of the neck. 

There was no shortening of the limb. At fourteen months of age the patient began to walk. At the 
present age of two j'ears and three months, the gait is normal and there is no atrophy of the thigh 
muscles. The final result is shown in Figure 1-G. 

C.\SE 2. H. C. was born on August 10, 1944, after a hard deliverj', during which it was necessary to 
exert energetic traction on the right lower extremitj-. A mild shortening of the limb, pain on motion, 
and prominence of the greater trochanter were noted. Two daj's later oedema of the thigh was observed. 
A roentgenogram taken fifteen daj'S after birth (Fig. 2-A) showed the tj'pical fracture-dislocation, with 
increased distance from the femur to the pehis and subperiosteal new-bone formation. Treatment was 
instituted in the usual manner. Upon removal of the spica at the end of forty-five daj'S, the condition 
of the limb had improved. A roentgenogram taken at the end of four months showed complete healing 
of the fracture. The “parrot-beak" deformity of the neck was noted. On the right side the epiphj'seal 
nucleus was more noticeable than on the healthy side. The affected femoral diaphj’sis was thickened. 

The baby walked at the age of fifteen months, and his development has been completelj' normal. 
The roentgenographic findings seventeen months after reduction of the fracture are shown in Figure 2-B. 

Two similar cases are at present under treatment, and it is believed that the end results 
will be as favorable as in the cases reported here. 
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FANNER’S ]\[ETATARSAT. DTSEASE: A CONDITION OF ASEPTIC 
NECROSIS SOIULATINC MARCH FRACTURE 


BY MAJOR R. E. VAN DBMARIv AND COLONEL P. V. .NtCCARTIIY 
Mcdtcal Corp.t, A)mi/ of the United Htntcs 

Subperiosteal stratifieation of the distal shaft of a central metatarsal hone is general! 
regarded as roentgenographic evidence of a inarch fracture when it first appears, in th 
absence of distinct recent trauma, in a young infantry recruit who suffers with a painfu 
footh A similar subperiosteal stratification may be associaterl with a varying degree o 
aseptic necrosis of the adult metatarsal head; Watson-.Toncs has pointed out the resem 
blance of the latter condition to march fracture. Although the name of Fanner is asso 
ciated with this second condition, Kohler had previously described the thickening of tlr 
distal diaphysis'’"*; Freiberg’s illustrations also show thickening of the distal diaphysis, al 
though this feature was not specifically discussed. The voluminous current America! 
literature on march fracture makes little or no mention of the condition. At an infantr] 
replacement center where several hundred march fractures were seen annually^’®, the ran 
occurrence of Fanner’s disease occasionally caused dilficulty in proper diagnosis; this wai 
particularly true in that phase in which the subperiosteal stratification was the predomi- 
nant roentgenographic feature. Usually the process is somewhat advanced when first seen 
in the following case, roentgenographic studies were made early in the course of the disease 
and its entire cycle is presented roentgenographically. 



Fig. 1 Fig. 2 

Fig. 1: February 27, 1945. Left metatarsal area of an infantry recruit, aged twenty-five, whp was 
undergoing strenuous training. Roentgenographic findings do not confirm the clinical impression of 
march fracture. 

Fig. 2 : April 23, 1945. Subperiosteal stratification, suggestive of an early march fracture, is seOT 
on the third metatarsal shaft distally. Suggestive cystic changes are present in the metatarsal head. 
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CASE REPORT 

In Februarj’ 1945, one month after mduchon, an infantrj' recruit, went 3 '-fi\e jear= of age, fir^t com- 
plained of pain m the left foot following strenuous trammg Xo known trauma had occurred recentlj . 
There was a historj^ of pre\ious mild temporao' diaabihtj’-, lasting for a few da 3 S, m the summer of 1944, 



Fig 3 ‘i 

Fig 3 May 1, 1945 Note tlie sinulanty to march fracture of the third metatarsal 

Fig 4. July 13, 1945 De^te cystic changes are now evident m the third metatarsal head 
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after ii wedge dropped on hi.s left foot; no discomfort 
iiad neciirred in the interim. On February 27, 1915, 

1 lie attending medical ofliccr ordered a roentgenogram 
(Fig. 1), which did not conliim the clinical diagnoais 
of march fracture. Subacquent roentgenograms (Figs. 

2 and 3) appeared .‘•omewhat compatible with the clin- 
ical diagno-ais of march fracture of the left third 
metatai.-al. The in.stitution of routine treatment for 
march fracluie at Ihi.s lime, with metal reinforcement 
of the .‘-ole of the ■■’hoe, did not relievo the symptoms. 

Becau.sc of the jieraistence of pain and limitation of 
motion in the left third rnetataiaophalangeal joint, 
the patient wa.-i refeired to the conaiiltant on arthritis, 
and later to the orthoiiaedic consultant, at tlie Re- 
gional Hospital. At this time, roentgenograms showed 
the tyjiical picture of Fanner’s disease. Clinical ex- 
amination of the feet was not remarkable, except for 
the pre.-ence of slight local swelling on the dorsum of 
the- distal left metatarsal area with slight limitation of 
motion and pain at the left third metatarsophalangeal 
joint. The blood chemistry, incluiling determinations 
of serum calcium, phosphorus, and phosphatase, was 
within normal limits, as were the sedimentation rate, 
loutine blood studies, aiul urinalysis. Onlj’ limitation 
of activities alYorded symiitomatic relief. The general 
phj’sical condition of the imtient was excellent. When 
last seen, in f^ecember 1915, local examination dis- 
clo.sed moderate thickening about the left third meta- 
tarsophalangeal joint and pain on extremes of motion 
at this joint, with slight restriction of motion. 

DISCUSSION 

The cystic changes in the metatarsal head may not always be so marked as in the 
present case. The differentiation of Panner’s disease from march fracture is essential from 
both prognostic and therapeutic viewpoints. A certain rigidity and mild pain persist in 
the affected metatarsophalangeal joint as a result of aseptic necrosis of the metatarsal 
head; patients with this condition do not respond to the ambulatory type of treatment 
which has proved satisfactory in most march fractures. 

The occurrence of aseptic necrosis in the adult metatarsal head is less frequent than 
in the juvenile case, and it is not so generally recognized. Panner was not aware of the 
origin of the condition in an adult, and expressed the opinion that it began in childhood 
and progressed without symptoms. In the usual adult case, early roentgenograms have not 
been taken and, since the same condition was known in the juvenile, it is not difficult to 
understand the basis for Panner’s conclusions. Gaitskell reported one case in which roent- 
genographic changes first occurred in adult life; the same is true in the present case. 
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Fig. 7 

December 5, 1945. Oblique view, showing the 
articular cartilage and subchondral bone, which 
have become separated from the remainder of 
the head and have collapsed into the cystic area 
to produce further doforniitj’ in outline of the 
metatarsal head. 


THE SUPJRACOXDYLOID PROCESS OF THE HUilERUS 


BY LIEUTENANT COLONEL LEONARD B. B.VRNARD AND MAJOR S. MURRAY' MCCOY 
Medical Corps, Army of the United Stales 

The presence of an anomalous bony spur on the medial aspect of the lower third of 
the humerus in approximately 1 per cent, of people of European ancestiy has long been 
known to anatomists, anthropologists, and zoologists. However, its' occurrence with a 
well-defined clinical syndrome has received veiy little attention in the medical literature 
of the English-speaking countries. The present article reports tliree cases encountered at 
an Army General Hospital, with a review of the anatomy and pathological findings dis- 
cussed in the literature. 

AN-ATOMY' 

This bony spur (variously named the supracondylar, epicondylic, or supra-epitrochlear 
process by different authors) occurs as a beaklike process, which arises from five to seven 
centimeters above the medial epicondyle of the humeiTis and extends obliquely downward 
and forward in a medial direction. The apex of the process is roughened and, in some cases, 
joined to the medial epicondyle by a band of fibrous tissue-'®-*®-^^. 

Through the foramen thus formed by the supracondj'loid process and its ligamentous 
band, the median nerve usually passes. Frequently it is accompanied by the brachial 
artery or one of its branches-, and by the radial or ulnar arterj- (Fig. 1) . The process may 
afford insertion to a persistent lower part of the coracobrachialis®. Usually the pronator 
teres has an anomalous origin from the process, when present, as well as from the fibrous 
band and overlies the median nerve and brachial artery* at this point. 

The supracondyloid process and its ligamentous band constitute the homologue in a 
' rudimentary form of a bony canal, present in many animals. McGregor states: ‘‘An 
i entepicondylar (supracondyloid) foramen is present in many extinct and lit-ing reptiles 
and-in manj' mammals, — especially the mammalian orders wliich are archaic and primi- 
tive. Most marsupials have it, and it is present in many carnivores, — for example, the cat. 
Among Primates it is found in most lemm’s, tarsies, and in man}', but not aU, American 
monkeys. Old-World monkeys do not have it, but among antlmopoid apes it has been 
found occasionally in the orangutan and gorilla.” 

In this connection, Dwight reported a case of a bony supracondyloid foramen, found 
in the dissection of the body of a middle-aged female. A bony supracondyloid foramen 
has been reported by Cunningham^ in a full-tenn stillborn infant. 

INCIDENCE -AND SY'MPTOMS 

For a number of years anthropologists have looked for and recorded the incidence of the 
supracondyloid process among primitive peoples and racial groups^. In the State of ^ilis- 
sissippi, Terry^^ reported finding a supracondyloid process in 6 of 515 whites, but only once 
in 1,000 negroes. From these and from subsequent studies, he concluded that the supra- 
condyloid variation appeared markedly among people of European stock and was probably 
indicative of fundamental differences in origin of the human races'^. Testut reported find- 
ing the anomaly in 1 per cent, of his specimens, and Gruber in 2.7 per cent. A familial 
incidence has been reported in numerous instances®-^®. 

The close anatomical relationship of the median nerve to the supracondyloid process 
would lead one to expect occasional sensor}- or motor disturbances in that nerve. In 1929 
Solieri reported a nineteen-year-old male who had median-nerve s}'mptoms. — severe pa- 
raesthesia and hypaesthesia of the hand and fingers, caused by the presence of the supra- 
condyloid process. Following operation in this case the neuralgia disappeared immediately, 
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Fig. 1 Fig. 2 

Fig 1; Sliowa tlio lolation&lup to tlio supiacondyloid pioco."> of the bi.icliiid aiteij’, its branches, 
and the median ueive. (Rcpioduced, by pci mibuon, {win La Chiiiuyia denli Oigani di Movimenlo, 
24: 123, 1938.) 

Fig. 2' Roentgenogiam of Maiuliu/xato’s Case 1, sliowing calcified ligamentous band extending 
from the supiacondyloid piocc's to the iiiedi.U epicondyle. (Rcptoduccd, by pciimsdon, Jiom La 
Chinirgia degli Oigani di Movimenlo, 24: 128, 1938.) 


but it returned in a milder I’oi'in six' months later. A bony spur regenerated from the 
periosteum in this case. 

In 1938 Mandi'uzzato reported five cases. Cases 1, 2, and 3 were patients in whom the 
supracondyloid process was an incidental finding, noted on physical or roentgenographic 
examinations for other conditions. The bony spurs were asymptomatic. jMandruzzato’s 
Case 4 was an Italian male, twenty-six years of age, who complained of weakness of the 
left arm and tingling in the area of the median nerve. This pain became so severe that the 
patient was unable to work. Complete extension of the elbow and pronation of the forearm 
increased the pain. The supracondyloid process was palpable six centimeters above the 
elbow, and there was slight hypaesthesia to pain, touch, and temperature change in the 
area of the median nerve, with loss in strength of the grip of the hand. Roentgenograms 
showed the triangular bony spur to be in the usual location (Fig. 2) . Mandruzzato stated 
that on the film one could see clearly a shadow, which extended from the apex of the bony 
process downward in a curve to its attachment at the margin of the epitrochlear. He felt 
there was no doubt that this band of tissue was attached to the supracondyloid process. 
His diagnosis was neuritis of the median nerve, due to the supratrochlear process. At 
operation Mandruzzato found the patient’s median nerve to be in close contact Avith the 
supratrochlear fibrous band and ivith the pronator teres. The bony spur was dissected 
with its periosteum. The patient’s symptoms were relieved and there was no recurrence. 

In Mandruzzato’s Case 5 a woman, thirty-three years old, complained of severe pain 
in the area of the median-nerve distribution of the right forearm and hand, aggravated by 
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even slight movement of the elbow. Thirty years previously, at the age of three, she had 
injured the right elbow. Three months before admission her right arm was injured, and 
she subsequently noticed lancinating pain along the flexor surface of the forearm. On ex- 
amination, a bony spur was found on the medial aspect of the right arm, flve centimeters 
above the epitrochlear. Below it, he states, was a nearly round nodule of irregular outline, 
hard in consistency and producing a crunching sound when rubbed against the supra- 
epitrochlear process; all movements of the nodule in the area examined produced pain, 
which followed the distribution of the median nerve, pain also going up toward the shoul- 
der. Roentgenograms disclosed an old fracture near the apex of the supratrochlear process. 
This finding was confirmed at operation, when the spur and the fragments were excised. 
There was complete relief after the operation. 

In both patients operated upon by !Mandruzzato, the anomaly of the pronator teres 
was noted, and he concluded that the bony prominence had gi’eat effect on the median nerve 
because, during muscle contraction of the pronator teres, it is impinged by compression on 
the supra-epitrochlear canal. He recommended removing the periosteum, together with a 
part of the muscle fibers of the pronator teres, to avoid maintaining irritation to the median 
nerve by contraction of the muscle. 


CASE KEPORT3 

Three patients with the supracondyloid process have come under our observation. 

Case 1. A lieutenant colonel in the Medical Coqjs had noted for many years the presence of a small 
bony prominence on the medial aspect of his left arm, six centimeters above the epicondyle. There was 
no history of injury, and no associated symptoms. On roentgenographic examination, a small but weU- 
developed supracondyloid process was found. Routine anteroposterior and lateral films failed to reveal 
the spur, but the oblique film showed it clearly (Figs. 3-A and 3-B) . 



Fig. 3-A 


Fig 3-B 


Fig 3-A; Case 1. Oblique view. 

anteropostenor view fails to show the supracondyloid spur, which was dem- 

oixscir^L^d ^ 3*^^* 
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Case 2. A private first class, thirtj’-two j’ears of age, was seen in consultation in the Orthopaedic 
Clinic, complaining of pain in the right arm and forearm, radiating to the median-nerve area in the hand. 
There was no histoiy of injury; the pain was not very severe. A bony spur was palpable on the medial 
and anterior aspects of the right humerus, 5.5 centimeters above the elbow. Pressure beneath it repro- 
duced this pain. Routine anteroposterior and lateral roentgenograms failed to show the bony spur, but 
it was well visualized on an oblique film (Fig. 4). Because of the mild nature of the symptoms and the 
absence of atroplo’ or h 3 'paesthesia, operation was not advised. 

Case 3. A nineteen-j'ear old private in the Infantiy complained of pain, weakness, and numbness of 
the left arm and hand, and of pain in the left shoulder. One month before admission to the hospital, he 
had been injured bj’ the blast of air exploding artillerj' shell, which caused him to fall on his left shoulder. 
There was swelling and limitation of motion at the shoulder, but roentgenograms showed no evidence of 
bone injurj'' or dislocation of the shoulder. One month later he was still complaining of pain in the left 
shoulder, left arm, and forearm, radiating to the area of median-nerve distribution in the hand. This pain 
was severe, and was aggravated bj' extending the elbow and pronating the forearm. There was a normal 
range of motion at the shoulder, and no evidence of injury'. Six centimeters above the medial epicondyle 
a bony spur was palpable, and pressure in this area caused paraesthesia in the median-nen'e distribution, 
duplicating the patient’s complaint. There wa.s no hypaesthesia and no evidence of motor impairment of 
the nerve. Roentgenograms confirmed the presence of the supracondyloid bony' spur on the anteromedial 
aspect of the lower part of the humenis. At operation, the spur was found to have an overling bursa, 
measuring one centimeter in diameter. The branchial artery and the median nerve passed beneath the 
spur, to which was attached a slip of muscle from the pronator teres. The bony' spur and its periosteum 
were resected in the manner recommended by Solieri and by' Mandnizzato. The patient was immediately 
relieved of all pain, and was sent to general duty' twenty-eight day's after the operation (Figs. 5-A 
and 5-B) . 


SUMMARY AND COXCLUSIOXS 

1. The supracondyloid process, when present, is often associated with a tendinous 
band, which is attached to the medial epicondyle, and with an anomalous origin of the 
pronator teres. 

2. The supracondyloid process can cause a syndrome characterized by pain, radiating 
from the shoulder to the median-nerve area of the hand. This pain is increased by prona- 
tion of the extended forearm. 

3. The diagnosis is easily made by palpation, but routine anteroposterior or lateral 
roentgenograms may fail to show the spur, because of its position on the anteromedial 
aspect of the bone. An oblique view may be required. 

4. Solieri and Mandruzzato have reported three cases in which relief followed resec- 
tion, and one additional case of resection is reported here. 

5. In resection of the bony spur, it is emphasized that removal of the periosteum of 
the spur and the binding fibers of the pronator teres should be done to prex'ent regeneration 
of the spur and the recurrence of symptoms. 


Note: The authors wish to express their appreciation to Dr. J. H. McGregor, Professor Emeritus, 
Department of Zoology'. Columbia University', for his aid in preparing this article. 

Photography was done by Staff Sergeant Carl V. Smith, Medical Detachment, Woodrow Wilson 
General Hospital, Staunton, Virginia. 
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osteoto:my of the lumbar spike for correction of kyphosis 

IN A CASE OF ANKYLOSING SPONDYLARTHRITIS 


BY DK. E. H. L\ CIIxVPELLE, AMSTERDAM, THE XETHERLAXD5 
IXTRODUCTIOX 

Gradual or manipulative correction of kyphosis in cases of advanced ankjdopoietic 
spondylarthritis has been widely employed for many years, with discouraging results. 
Corrections have been uniformly incomplete; they were not without danger; and eventu- 
ally the deformity nearly always recm-red. The roentgenogi-ams and photogi-aphs of a 
patient suffering from this disease are shown in Figures 1-A, 1-B, 2, and 5-A. This man’s 
m’gent wish to become erect and his otherwise healthy, \dgorous condition prompted the 
author to devise a method of operative correction through section of both the anterior and 
posterior elements of the vertebral column. The operation, when performed upon the 
cadaver, gave promise of being safe and feasible; and it proved to be effective in achie'vdng 
correction. It was then successfully performed upon this patient ; satisfactory correction 



Fig 1--\ Fig 1-B 

Lateral and anteroposterior Mens of the \ertebral column m I&IO. 
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was obtained (Figs. 3 and 5-B) without untoward incident; and the result more than two 
years later was gratifying (Fig. 7) . 

P.\THOLOGIC.AL F.ACTOR3 

A study of the roentgenograms indicated bonj’- ank3dosis of the posterior articulations 
between the thoracolumbar and lumbar vertebrae, as well as ossification of the anterior 
longitudinal and interspinal ligaments throughout the lumbar region and part of the 
thoracic region. That ankj’losis was not complete was apparent, since the patient was 
more erect in the morning than in the evening. He was conscious of this change of posture. 


which IS one not uncommonly observed, 
even in the more advanced stages of the 
disease^. Ankydosis proved to be such, 
however, that nothing could be accom- 
plished toward correction of the deform- 
ity by non-operative means, — including 
e.xercises, suspension, recumbency^ in ex- 
tension, a plaster jacket, and a corset. 
(Actually, as was demonstrated later at 
operation, extensive fibrosis and partial 
ossification of ligaments were found pos- 
teriorly, making identification of bony^ 
structures difficult. Anteriorly about the 
vertebral bodies, the ossified portion of 
the ligament w’as found to vary from the 
thickness of thin paper to that of thick 
paper.) In view of the pathological 
changes, it seemed necessary for success- 
ful correction that both the anterior and 
posterior elements of the vertebral column 
losing process. 



Fig.5-A Fig.5-B 


Fig. 5-A: Before operation. Patient straightens 
himself as much as possible, bending his knees so as 
to shift the center of granty backward. 

Fig. 5-B : After operationr^fae photograph again 
shows a compensatoiy lordosis under the kyphosis. 

le freed, since each was involved in the anky- 


MECHAXIC.XL FACTORS 

Abnormal skeletal curvature can be corrected by osteotomy, if the involved bone is 
surgically accessible, and if the nature of the disease producing the curvatm’e and the 
patient’s general condition permit. A compensatory angulation at the site of osteotomy' 
corrects the malalignment. The osteotomy way be performed at several points or, prefer- 
ably, at one. If the ankylosed vertebral column is considered as one bone, the use of the 
term osteotomy seems justified to describe surgical section of the column for the purpose 
of correcting deformity. The site and type of osteotomy must be such that injury' to the 
spinal cord and its nerves w'ill be avoided, and that sufficient correction of the deformity 
will be obtained. The axis of motion, or hinge point, during angulation of the osteotomized 
column will be at the posteriormost point of contact of the vertebral bodies immediately' 
above and below the site of osteotomy', — that is, their adjacent posterior borders. A suffi- 
cient quantity of bone posterior to the vertebral canal must be removed, and the inter- 
vertebral disc must be sectioned anteriorly in order to permit correction. Theoretically, 
when the vertebral column has been sectioned in this manner and an adequate compensa- 
tory anterior angulation has been obtained, the sectioned disc should gape anteriorly' and 
the margins of the osteotomized neural arches should come together posteriorly'. This is 
exactly what occurred in the cadaver, — the sections of the divided vertebral column moved 
upon each other in flexion and extension about the adjacent posterior borders of the freed 
vertebral bodies as if on a hinge. 

The second and third lumbar vertebrae are favorable sites of osteotomy, since they lie 
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caudal to the spinal cord, arc outside the more rigid thoracic region, and arc sufficiently 
near the mid-point of the kyphotic curve. 

A roentgenographic tracing of the curve of the patient’s vertebral column, used as a 
pattern, showed that the removal of 3.5 centimeters of the extreme dorsal bony elements 
would allow a gap on the ventral side of the column sufficient for correction. Allowing for 
the roentgenographic magnification, a little less bone could be removed in reality. 

Forward displacement, during correction, of (lie vertebra above the osteotomy onto 
the vertebra below appears to be possible. Following extensive laminectomies in indi- 
viduals with weak muscles and lax ligaments, especially if the jiusterior articulations are 
weakened or removed, spondylolisthesis may develop. Tiiis is generally of sliglit degree. 
It was thouglit that in this case the danger could not be very great, because the posterior 
longitudinal ligament would be thick ami hard. To provide against this complication, the 
posterior ligamentous elements of the disc — including the posterior longitudinal ligament- 
must not be divided. Actually, these posterior ligaments were left intact, both in the 
operation upon the cadaver and that upon the patient, and no forward displacement 
occurred. 

Following osteotomy in the cadaver, the dura was opened and the cauda equina was 
widely exposed. The vertebral column was then angulated anteriorly and posteriorly, and 
the nerve roots were inspected. No encroachment upon the lumen of the vertebral canal 
occurred, and the spinal cord and nerve roots moved freely in the unchanged meningeal 
compartment. 


01’EU.VTIVE TECIIXIQUE 

The operation must be performed in two stages. The first stage involves the removal 
of the laminae of the second lumbar vertebra and of tlie posterior articulations between 
that and the third lumbar vertebra. The second stage, performed through an anterior ap- 
proach, is concerned with the excision of the second lumbar intervertebral disc, the angula- 
tion of the column, and the fixing of bone grafts in the gap between the two vertebrae. 

Stage I 

The first stage, performed January 26, 1944, can hardly be claimed to be a new opera- 
tion, although the combined excision of the laminae and the articulations on both sides is 
not a common one. Identification of the spinous processes of the first, second, and third 
lumbar vertebrae proved especially difficult, because of the ossification of the interspinal 
ligaments, so that roentgenographic localization was necessary. Local anaesthesia (novo- 
cain and adrenalin) wms used, wdth the patient lying prone, propped with pillows. The 
three spinous processes were laid bare and excised. Difficulty wms encountered in identify- 
ing and freeing the laminae and articulations and in e.xposing the intervertebral notches, 
owing to the formation of fibrous tissue and to partial ossification. Hemorrhage was also 
present, and its control required time and patience. Following complete laminectomy of 
the second lumbar vertebra, the articulations on each side between the second and third 
lumbar vertebrae were identified; and the four articular processes w'^ere completely re- 
moved, special care being taken to avoid injury to the roots, ganglia, and nerves lying 
immediately anterior in the intervertebral notches. 

The postoperative course was uneventful. The temperature did not rise above 38.1 
degrees centigrade. Two weeks after operation, the hemoglobin was 85 per cent., erythro- 
cytes 4,100,000, leukocytes 9,500, and thrombocytes normal. The blood pressure was 
130/80. 

Stage II 

The second stage was performed on February 11, 1944, under general anaesthesia. With 

)atient lying on the right side, a transverse abdominal incision, similar to that of Pean, 

' - de a little above the umbilicus, opposite the second lumbar intervertebral disc. 
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This incision can easily be made Ifirge enough, with slight damage to muscles. Following 
reflection and retraction of the peritoneum and its contents, a large part of the lumbar 
vertebral column could be seen quite well, as is often observed in operations for horseshoe 
kidney and in e.xtraperitoneal lumbar ganglionectomy. The approach from the left is 
easier than that from the right, for the aorta and the vena cava, lying somewhat to the 
right, can be displaced in that direction, making possible direct palpation of both sides 
and the front of the vertebral bodies. The lumbar arteries and veins traverse the vertebral 
bodies midway between the discs, and can readily be avoided. Because the disc is avascular, 
hemorrhage was avoided. The disc was exposed and excochleated throughout most of its 
extent anteriorly, but its posterior wall was not touched, as previousl}' emphasized. 

The patient was then carefully placed in the supine position by turning the operating 
table on its long axis. As the supporting pillows were removed, the back was gi-adually 



Fig 6 


Vertebial (olumn in 1945, one year after operation 

\OL 2S, XO OCTOBhR l^Mi! 


released and. through the action of gravity, 
was straightened until it rested upon the 
table; thus the deformity was satisfactorily 
corrected. The lateral position was then 
restored by turning the table ; and pieces of 
bone, removed from the tibia with the motor 
saw, were packed into the gap which had 
appeared between the bodies of the second 
and third lumbar vertebrae. The wound 
was closed. 

A double plaster spica from axillae to 
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knees was tlieii applied, as the patient lay sui)ine on a flat metal hand. This band rested 
at one end on the head of the operating table; at the other end it was supported by an 
assistant. 'When the plaster had hardened, the band was removed. 

Again the postoperative course was uneventful, llic temperature did not rise above 
37.8 degrees centigrade. During the first day, the pulse rose to 130 per minute; the mini- 
mum blood pressure was 95/75. There was slight subcutaneous emjdiy.^ema of the 
scrotum. No neurological disturbances were observed. 

p.vr H o Loc: I c.\ L icx m i x at lo x 

The pathological examination (made by Dr. iludolf Van Dam) was reported as fol- 
lows: 'Tlistologically the pieces of intervertebral disc arc found to consist of normal 
fibrocartilagc, which docs not contain many cells and in places gives the impression of 
being somewhat degenerated cystically. This latter finding is not quite clear, however. 
There is no proliferation in the blood vessels nor of the connective tissue. There were a 
few pieces of bony tissue [of the anterior longitudinal ligament J, of which a section was 
not made.” 


Al'TEU-CAIUJ 

The patient remained recumbent in the plaster spica for three months. Lateral and 
stereoscopic anteroposterior roentgenograms were then made (Fig. 3), after which a 
plaster jacket was applied, and the patient was allowed gradually to become ambulatory. 
He was discharged to his home three and one-half months after the operation. The full 
jacket was removed at the end of six months, after which he wore a light one for several 
months longer as a precaution. 


EXD imSULTS 

Roentgenograms taken eleven and twenty-five months after operation are shown in 
Figures 6 and 7, respectively; the photograph at the completion of treatment is shown in 
Figure 5-B. The patient is completely satisfied. No return of the deformity has occurred 
during two years. 


UTERATUBE 

In operating upon the lumbar vertebral bodies, Hue used a variation of the method 
first described by Treves, in 1892. The approach was made through an incision along the 
lateral border of the erector spinae. The transverse processes were resected, and access 
to the bodies was thus obtained. The roots of the lumbar plexus intervened posteriorly, 
however, and the psoas intervened anteriorly, so that any procedure through this approach 
was very difficult. 

Ito, Tsuchiya, and Asami, in 1934, described operative procedures on tuberculous 
thoracic and lumbar bodies, in ten cases. These authors had been impressed by the wide 
exposure possible in lumbar-sympathetic ganglionectomy. The thoracic approach is diffi- 
cult, although Feet’s operation is encouraging. 

The posterior osteotomy of Smith-Petersen, for the correction of deformity arising in^ 
this disease, did not come to the author’s attention until December 1945, since access to 
current foreign literature was impossible in the Netherlands during the war years. The 
six cases of Smith-Petersen show that the anterior portion of the vertebral column gave 
way sufficiently, following excisions of the posterior structures alone. In the author’s case, 
ossification of the anterior longitudinal ligament apparently prevented correction by 
simple supine recumbency, following the first stage of the procedure. Great force was not 
applied, however. Only after section of the disc in the second stage was correction ob- 
tained. An advantage of the method of Smith-Petersen is, of course, that it can be per- 
formed in one operation. Time and further investigation may disclose which of these 
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procedures is more suitable, not only in cases of kyphosis but also in other deformities of 
the vertebral column. 

CASE HISTORY 

GP., a cook and restaurant keeper, boni in 1900, was well until 1937, when he was struck by a motor 
car. He was admitted to a hospital in Amsterdam, where the diagnosis of fractured vertebra was made. 
The roentgenograms taken at that time cannot be found; subsequent films show no evidence of a frac- 
ture. After six weeks in the hospital he was discharged; his back was stiff, and he bent forward as he 
walked. Later the condition was diagnosed as ankylopoietic spondylarthritis, and he was given roent- 
genotherapj' and “injections”. He became free of pain in 1939. 

In 1940 he was referred to the author for correction of the kyphotic deformity. The eiythrocyte 
sedimentation rate (Westergren) was 46 millimeters per hour. The roentgenograms and photograph 
taken at that time are shown in Figures 1-A, 1-B, and 3-A. The patient was lean, but quite healthy. 
No other joints were affected. He was given a course of gold therapy. The sedimentation rate later fell 
to 29 millimeters ; by 1944 it was 14 millimeters per hour. 

Attempts were made to correct the deformity by exercises, traction, and recumbency in extension; 
supports included plaster jackets and a corset. These did not avail, except that the corset gave in- 
dispensable support. He complained constantly of the pressure of the corset, although he could not 
work without it. He repeatedly requested surgical inter\‘ention to correct the deformity. 

The first stage of the operation was performed Januarj' 26, 1944; the second stage on Febniar 3 ' 11, 
1944. 

Since the operation, the patient has been under observation for two years. He has remained 
sj'mptom-free as far as Ids back is concerned, and he is satisfied with the result obtained. 

In October 1944 he suffered an attack of rheumatoid arthritis with involvement of the left hip and 
shoulder, which cleared up during the administration of salicylates and warmth. By February 1945 he 
was again well. The sedimentation rate fell from 23 millimeters, in October 1944, to 13 millimeters. It is 
probable that the poor nutrition which prevailed in the Netherlands, together with the lack of fuel and 
a great sorrow in his family, were responsible for thb attack. There has been no return of the deformity. 

DISCUSSION 

The first stage of the operation was rather laborious and tedious, requiring much 
patience, whereas the second operation went more smoothly in all respects than had been 
expected, especially as regards the loss of blood. Nevertheless, whenever it is proposed to 
perform the operation, all features will have to be weighed and checked extremely care- 
fully, step by step. Evcrj'^ phase of the operation is under control, however, and it can be 
interrupted during any phase. The indications for it are rare in spondylarthritis: The 
case must be a resistant one, as far as the vertebral column is concerned; and the patient 
must be in good health and not too old. The condition of the other joints should be con- 
sidered. It is not an operation to be undertaken lightly. It may be, however, that modi- 
fications of the operation, in either of the two stages, can be applied in other cases. This 
may be possible, for example, with kyphoses of a different nature, as in the congenital 
form, when pressure of the medulla on the curvature may lead to paralysis. Laminectomy, 
which is sometimes performed in the latter group, is really an illogical operation, unless 
the kyphosis is removed. In certain other cases of kyphosis and also of scoliosis, the two- 
stage operation may be considered, but it is seldom indicated. In regard to scoliosis, the 
operation has so far been performed only on the lumbar region and on cadavera; the 
results are encouraging. 

The easy accessibility of the lumbar vertebral bodies and discs suggests the applica- 
bility of this operation in rare cases of vertebral fracture and of isolated tumors. It seems 
quite possible that, in hernia of the disc, the entire disc can be removed and rejilaced by 
bone gi-afts, as in Stage II. These considerations raise the question of whether the technique 
of the operation cannot be further improved — especially as regards details in the fixation 
of the transplanted bone — and its applications extended. 
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RECURRENT DISLOCATION OF THE FIRST CARPOAIETACARPAL JOINT 
REPAIRED BA" FUNCTIONAL TENODESIS 

BY OTTO C. KESTLER, M.D., NEW YORK, N. Y. 

From the Orthopaedic Department, New York Polyclinic Medical School aiid Hospital 

Recurrent dislocation between the base of the first metacarpal bone and the greater 
multangular is rare, and it has not been mentioned until recently in textbooks. Bennett’s 
fracture complicated by dislocation in this joint, or acute dislocation with fracture of the 
base of the first metacarpal, is more common. In the case described here, there had been 
an acute dislocation in this joint, which had been reduced and had recurred, and the reduc- 
tion could not be maintained by the closed methods of treatment. 

A review of the literature disclosed three procedures which have been used for this 
condition. Bunnell has described a method of “lashing the metacarpal to the trapezium 
with a strip of tendon or fascia through drillholes”. Slocum reported one case in which lie 
used a tendon graft from the palmaris longus, pulling it through volar drill holes made in 
the base of the thumb and the greater multangular. Eggers described a case in which he 
used the lateral portion of the tendon of the extensor carpi radialis longus, dividing it, and 
inserting this divided band into the base of the metacarpal of the thumb through drill holes. 
The operation described here offers a new approach to this problem. 
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CASE REPORT 

G. G., a Uventy-two-year-old male, was first examined on Februaiy 15, 1945. About one j'ear before, 
he sli]3ped on an icy' pavement and fell, landing with a considerable amount of his weight on bis extended 
right anil and the dorsiflexed hand. The palm did not touch the pavement, but only the tips of the 
extended fingers and thumb. He had seveie pain and noticed deformity of the first carpometacarpal joint. 
The dislocation was reduced and a plaster bandage was applied for three weeks. At the end of this period 
the patient resumed normal activities, but the bone soon became displaced again. At the time of exami- 
nation, his complaints were of pain in his thumb and inability' to use his hand for working. 

Physical examination showed an apparent deformity on the dorsum of the right hand, corresponding 
to the carpometacarpal joint. The patient denionstiated that he was able to reduce the dislocation, but 
that the bone nould immediately become displaced again. The e.vaminer was also able to effect reduc- 
tion without difficidty', but noted that the bone would snap out again, with a painful crepitation. The 
intrinsic and extrinsic muscles of the hand showed no abnormalities. 

Roentgenographic films in the anteroposterior, lateral, and oblique planes showed a dislocation of 
the metacarpal bone over the greater multangular (Fig. 1). 

The operation to be described was performed on February' IS, 1945, at Polyclinic Medical School 
and Hospital. This patient returned to his regular work four weeks after the operation. He was seen at 
intervals thereafter; and at the time of the last examination on April 12, 1946. fourteen months after the 
operation, he had no complaints. The function of the thumb was satisfactoiy and no impairment could 
be detected in the action of the extensor pollicis brevis (Fig. 2). 

In devising this operation, the author tried to apply a method by which a living tendon 
transplant would support a capsular repair in order to maintain the corrected position of 
the dislocated bones. In selecting the tendon, the following points had to be considered: 

1. The tendon should have a logical anatomical course to justify its selection. 

2. The function of the muscle should aetivel}' hold the involved bone in place. 
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Fig. 2 

Anteroiiorilerior and oblique roentgenograms, fourteen monllis after the operation, show what 
may be considered a satisfactory end result. 


3. The procedure should not interfere with the original function of the tendon. These 
requirements were fulfilled in the case reported. 

OPERATIVE PROCEDURE 

With the hand in neutral position, a curved incision was made over the joint between 
the base of the first metacarpal and the greater multangular (Fig. 3). The incision was 
about two and one-half inches long, with the convexity to the radial side. By this lateral 
approach the injury to the dorsal branch of the radial artery could be a^mided. The tendon 
of the extensor pollicis brevis was identified and divided about one-quarter inch pi-oxiinally 
to the proximal end of the greater multangular. The base of the first metacarpal bone and 
the greater multangular were exposed by a sharp periosteal elevator. A drill hole was made 
in the base of the first metacarpal with a hand drill, and another in the greater multangular 
with a curved awl. Both holes were enlarged by introducing a wider awl. The distal por- 
tion of the tendon of the extensor pollicis brevis was drawn through both holes (Fig. 4). 
The dislocation was then reduced, and the capsule was sutured. The distal portion of the 
tendon, which had been drawn through the holes, was sutured to the pro.vimal end of the 
tendon. Other structures were closed routinely, and anterior and posterior splints were 
applied to hold the thumb in abduction for three weeks. 

Although this procedure was completely satisfactory in this case, after making dis- 
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Fig. 3 ; A curved incision is made, with the hand in neutral position. 

Fig. 4 ; The distal portion of the extensor pollicis breads tendon is pulled through the drill holes 
in the base of the metacarpal and the hole in the greater multangular. 

Fig. 5: The distal portion of the abductor pollicis longus tendon is pulled through the holes in 
the greater multangular. 

sections for the study of the function of the muscles of this area, the author feels that the 
use of the abductor pollicis longus would be more physiological than the use of the extensor 
pollicis bretds. When the abductor pollicis longus is used, a hole is tunneled through the 
greater multangular with an awl, and the distal portion of the cut tendon (Fig. 5) is drawn 
through and united with the pro.ximal portion. 

The following reasons are offered for the use of the abductor pollicis longus : 

\ 1. The abductor pollicis longus is attached to the base of the metacarpal; therefore it 

may be extended through the hole made in the greater multangular. 

2. The function of this muscle, with its normal pull, is much more adequate in keep- 
ing the reduced metacarpal bone in place. 

This procedure would be called transposition and extension of the insertion of the 
tendon of the abductor pollicis longus. 
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nv LIKl”rHXAN'l' CUNt.MAXDKU WAI/l’KU SCO'l'r 
Medical Vorjn-., United Stall ■'< Xaval /(‘r.stri't' 


jMc]\ [aster* recently reported a case in wliich the secondary o.^sification center of th( 
ischium laid failed ti) fuse with the parent structure. Idis patient was a nineteen-ycar-ok 
kfariue, whose symptoms were recurrent and were localized to the hii) area; api)arcntly nc 
other abnormal findings were disclosed by the i)hysical e.xamination nr the laboratory data 
Recently a similar case was discovered which, in addition to the ischial findings 
showed other signs of osteochondritic dysfunction. Because of these associated changes 
and because the available literature on this subject is meager, a further discussion of the 
disease, with the report of an additional case, .seems justified. 


CASK UKroUT 


J.E.B., aged tweiUy-two, a Private Pirat Cla.'S in tlic Marine Corp.-;, was admitted to a Unitec 
States Naval Hospital on Septemljcr 23, 191a, just after lie had been evacuated from the Soutf 

I’acific Area. Hi-' cliief complaint wa.-- jjain in the tlioracie spine, 



Fig. 1 

Showing round-hollow back, 
with increase in lordosis and for- 
ward thrust of the neck. 


\Fhen the patient wa,' fifteen year.' of age ho had poor posture, 
At that time lie ‘‘jmlled .'ometliing” in hi.' right hip while playing 
ha.'cball, and the hi|) was .-ore for about a week. lie did not go to 
bod or have any medical attention; a complete rocovoiy followed. 

While engaged in battle a.' a flame-thrower, in September 1944, 
the patient’s back became painful. He was .'cen by a medical officer, 
who found the right leg to bo one and one-half inches shorter than 
the left leg. Treatment con.'isted of elevation of the right heel and 
routine plysiotherapy; but tlio patient’s complaints persisted, and he 
was evacuated to this Naval Hosjiital for further care. 

The findings at jiliysical examination were as follows; The 
patient was a white male, t-i.\ feet one inch in height, who weighed 
192 pounds, and walked with a slight right-sided limp. The hair was 
of scanty distribution. His shoulders were level; the right side of 
the pelvis was one aiul one-half inches lower than the left, because 
of shortening of the right femur. The tibiae were of equal length. 
Motions of the spine wore within normal limits. There was mild 
tenderness to heavy tapihng along the thoracic spinal muscles. 

Four determinations of the basal metabolic rate were taken, 
several daj’s apart, and thej' were minus 25, minus 24, minus 10, and 
minus 4, respoctivebu Other routine laboratoiy studie.s, including 
the Kahn test, were normal. 

The roentgenographic findings were as follows: 

1. An anteroposterior view of the pelvis (Fig. 2) showed that 
the sccondaiy ossification center of the left ischium had failed to 
fuse. The mass was saucer-shaped and measured 6 by 3.75 by 3.m 
centimeters along its triangular margins. Two smaller nodules, ovoid 
in shape, were visible ; one, 2.5 bj^ 1.2 centimeters in size, lay postero- 
inferioi'b' to the acetabulum ; another was attached to the tip of the 
main mass, and measured 1 by 1.2 centimeters in size. A few C 3 ^stic 
changes and some irregularities were noted in and about the ischium. 

2. A lateral view of the thoracic spine (Fig. 3) showed wedging 
throughout the thoracic area as a result of an old epiph.vsitis. The 
tjqiical round-hollow back was evident. 

3. Views of the right wrist, the right knee, and the hips were 
normal in appearance. 
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COMMIiNT 

No explanation for the shortening of the right leg could he found, either in the history 
or in the physical examination. The painful thoracic spine was, in all probability, due to 
faulty mechanics, and not to any activity of the osteocliondritic process. The ischial lesion 
was entirely asymptomatic, and was found purely by accident. The extensive changes in 
the thoracic spine, coupled with the failure of the ischial secondary center to fuse, would 
suggest the possibility of some systemic factor. Two basal metabolic readings of minus 24 
and minus 25 may be significant in the etiology, although there were no outstanding 
symptoms or signs to substantiate a diagnosis of frank hypothyroidi.^m, other than sparse 
hair distribution and a consistently slow pulse. 

COXX’LUSIOXS 

Failure of the secondary ossification center of the ischium to unite with the diaphysis 
is possibly a part of a general osteocliondritic dysfunction. In the case presented, it was 
associated with a moderately severe, but healed, osteochondritis of the thoracic spine and 
a short femur of undetermined origin; there was a history of a short leg in the father. 

I. ^tcMAS'nai, P. E.; Epipiiysitis of the Ecliiat Tuijoro.-ify. A Case Report. J. Bone and Joint Surg., 
27: -193-195, July 19 J5. 


TRANSPLEURAL RUPTURE OF A TUBERCULOUS SPINAL ABSCESS 
TREATED SUCCESSFULLY BY STREPTOMYCIN 

Report of a Case 

BY CHARLES MORGAN, M.D., AND DAVID M. BOSWORTH, M.D., NEW YORK, X. Y. 

From the Orthopaedic Service, St. Luke’s Hospital, New York City 

The following case of tuberculosis of the spine with a large paraspinal abscess is 
reported because, in spite of rupture of the abscess into the lung and the resultant spread 
of lesion, the patient survived. The authors believe that recovery may be attributed to 
the administration of streptomycin. 


CASE REPORT 

A male physician, thirty-five years old, entered the Armed Services in June 1942. At that time 
tuberculin tests and roentgenograms of the chest were negative. He was in good health until June 1943, 
when, while stationed in Tunisia, he received a blow on the right chest. The patient experienced severe 
chest pain, malaise, and hemoptysis. After this he had two episodes of sudden, severe pleuritic pain, 
associated with hemoptysis of three or four days' duration. In September 1943 he returned to the 
United States; at that time a sputum e.xamination was positive for tubercle bacilli, and the patient was 
admitted to Fitzsimmons General Hospital. He remained there under treatment until March 1944, when 
he was discharged from the Army. 

* Presented at the meeting of the New York Academy of Medicine, New York City, October 1945. 
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At the time of his discharge the patient noted the insidious onset of neck stiffness, rvliich was present 
particularly while he was seated for meals or shaving; it was relieved by moving his neck about. This 
condition gradually became worse, and the patient returned to Fitzsimmons General Hospital in June 
1944. 

One month later, fullness was noted in the neck, along the anterior border of the right sternocleido- 
mastoideus. Koentgenograms of the spine at that time were reported as negative. A chest roentgenogram 
showed a paramediastinal shadow on the right. The ^'mptoms of pain and stiffness increased and a 
torticollis appeared, with the head tilted to the left. Eoentgenograms of the spine, taken in August, 
were still reported as negative. The surgical diagnosis was cervical lymphadenopathj'. A biopsj- was 
carried out, revealing a cervical paraverterbral abscess, and the incision was packed open. Following this 
the patient received 25,000 units of penicillin intiamuscularly ever 3 ' three hours for two weeks, with no 



F:g 1-A Fig. 1-B 

Fig. 1-A • Shows tuberculosis of cervical spme, with abscess shadow anterior to vertebral bodies, 
extending from occiput downward into thoracic area. 

Fig. 1-B: Shows shadow of bilateral abscess in upper thoracic region, with some narrowing of 
intervertebral spaces and sclerosis of vertebral bodies 



Fic. 1-C 

.Abscess can be seen in right ilium. 
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effect. The piiin iii the neck bocnnie ho marked Unit lie WU', placed in a jacket which included tlio head 
and neck. Koenfgenogiam-j now weie inlerinelcd a^ •’lioninfj a Itila-icidoii^ legion of the cciv'ical -.pine. 
Tlio iialieni was (raii'^fened to St. Luke's Ifospital. 



Fig. 2-A Fic. 2-B 


Recent roentgenograms sliow solid fusion of spine from occiput to tenth tlioracic vertebra, and 
healing of lesions of A'ertebral bodies, with beginning synostosis m the cervical region. 



Pig. 2-C 

Shows advanced healing of abscessed right ilium. 
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Admission examination at St. Luke’s Hospital showed a clironically ill male, who had swelling of 
the right side of the neck and a draining sinus. There was marked spasm of the paraspinal muscles, with 
limited motion. Percussion and auscultation of the chest failed to indicate pathological changes. 

Laborator 3 - studies showed no acid-fast bacilli in the sputum or urine. Cultures of material taken 
from the cervical sinus yielded hemolytic Staphylococcus aureus; and, later, a positive guinea-pig test 
for tuberculosis was obtained. Mild anaemia and leukocj'tosis were present. 

Roentgenograms of the entire spine (Figs. 1-A, 1-B, and 1-C) disclosed slight narrowing of the 
intervertebral discs from the second to the sixth cervical \ ertebrae, with areas of irregular sclerosis and 
bone destruction of the anterior borders in the same region. There was marked widening of the pre- 



FicV^-A Fig. 3-B 


Fig. 3-A ; Roentgenogram of the chest, before rupture of the abscess. 

Fig. 3-B; Roentgenogram taken two days after rupture of the abscess. Shows generalized in- 
filtration of both lungs and decrease m abscess shadow. 


vertebral soft tissues, extending from the occi- 
put down into the mediastinum on the right, as 
far as the level of the aortic arch. The first three 
thoracic vertebrae also showed small areas of 
bone destruction. Irregularity of the discs ex- 
tended as far as the ninth thoracic vertebra. 

A small area with sclerotic changes, just lateral 
to the left sacro-ihac joint, was also noted. The 
chest roentgenogram showed a narrow zone of 
fibrotic scarring, which radiated laterally from 
the light hilum to the para=pinal abscess. Xo 
actu e infiltration was noted. Intravenous urog- 
raphy was negative. 

In view of these findings, and after consul- 
tation with Leo Mayer, M.D., George G. Om- 
stem, M.D., and George F. Hoch, MX)., spinal 
fusion was ad\ ised. The patient was given peni- 
cillin and transfusions of whole blood. 

On October 21, 194-1, a fusion of the left 
hemispine. from the occiput to the first thoracic 
vertebra, was performed. On Januaiy 22, 1945, 
the left hemispme fusion was completed from Fig. 3-C 

the seventh cervical vertebra to the tenth tho- Roentgenograms on Januarj- 10, 1946, show clear- 
lacic \eitebra. There was no postoperative reac- ‘“S of lung shadow and absence of abscess shadow, 
tion on either occasion. Between spinal opera- 
tions, penicillin and transfusions were continued, as indicated. small siniis developed, just inferior to 
the original one. Incision along the posterior margin of the right stemocIeidom.astoideus was done on 

\Ot, 23 NO t, OCTOBER 1114 0 
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TAIU.E 1 

Patii;.\t‘s 1 {i:si‘()nsi: Ai-'n:i< [nstitutiox of S'ntr.proMYciN 'riiKuvi'V 


Temporalnre 

Sedime 

nlaiion Halo 

1 

! 

Leukocylo^i.s 

Dac’.-i 

Dcgrc'cs 

1 

Day.- 

1 

Millimetei.'. 
jier Hour 

1 

Dayr, 

I 

While i 

[ Blood C’flI.s 

I’crcenfage of 
Bolvmoriihotuiclcar 
(VI is 

-1* 

lOl.O 

1 0** 

77 

-I* 

17,150 

91 

0+* 

100.0 

12 

i)S 

10 

12,100 

S2 

I 

100.0 1 

2.1 

47 

12 

9.800 

82 

2 1 

102.4 

33 

■10 

20 i 

0,000 

77 

3 

101.2 

10 

37 

33 

5.000 

73 

5 

100.0 

53 

33 

53 

0.500 i 

62 

7 

99.2 

02 

21 


1 


9 

98.0 

73 

12 


i 



'* Days prior to admiiii.itratioii of stiojitoinyriii. 
** Day stroptomycin was .started. 


Det'c'iuhor 2G, 1911, in an attoiniit to divorl tlio drainai;«‘ away from tlio carotid .'lieatli. Solid fusion 
occurred from the occiput to tiio tenth thoracic vertebra, inclu.-'ive (Kifjs. ‘2'A, 2-B, and 2-C). 

Intramuscular penicillin was continued for nine and one-half months, without healing of the sinuses 
or regression of the mediastinal abncoss. It was discontinued after 32,000,000 units had been injected. 
The sinuses were then irrigated witli penicillin, but the intrathoraeic ab-cess could not be reached by 
catheter or Iluid, because of the obstruction otTered by the .'Ubclavian vessels. In sjiite of this treatment 
and repeated transfusions, the poor general trend continued. 

By September 1915, the patient was in an emaciated condition with marked leukocytosis, moderate 
anaemia, a markedly elevated sedimentation rate, and mas.sive weight loss. On the evening of Septem- 
ber 5, 1915, disaster occurred. The paramediastinal altsccsS ruptured through the pleura and lung into 
the bronchial tree. The lung was sprayed with the purulent discharge from the abscess. 

The administration of streptomycin was started less than twenty-four hours after this episode. The 
patient received 4,000,000 units during the first twenty-four hours, ami the dosage was then maintained 
at 1.000,000 units per clay for nft 3 ’’ days, — a total of 51.000,000 units. 

At the end of that time the patient showed marked improvement. His general condition had 
changed from a desperate state to one of recoveiy. The sinuses, which had been open for a period of 
thirteen montiis, closed in twcni.v-one days. The temiienitiire went uji after rupture of the abscess 
(Table I), but rapidly subsided to within normal limits, where it remaineti throughout the rest of the 
ho.spilal stay. The sedimentation rate, which had been niarkcdlj' elevated, fell stcadiD to within normal 
limits. The marked leukocjdosis, present before rupture, reverted to normal with thcrap.v. The sputum, 
which had been 0 on tlie Gaflkj'' scale, became GafTk}’’ V after rupture of tlie abscess. This, too, rapidly 
declined to 0 bj'^ the seventeenth daj'. All coughing and raising of sputum had stopped at this time. 
Serial roentgenograms of the chest reflected the dramatic change (Figs. 3-A, 3-B, and 3-C). A chest 
roentgenogram, which had been taken on August S. 1945, showed the dense riglit paramecli.astinal abscess 
and slight scarring in the right upper lobe, but no active infiltration. A roentgenogram on September 7, 
1945, two clays after the rupture, showed a decrease in the deusit 3 '- and size of the abscess, but paren- 
chymal infiltration appeared in the right upper lobe and also in the left lower lobe. The progressive 
clearing of this infiltration and of the origin.al lesion continued. 
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EPIPHYSEAL COXA VALGA 

Report of Two Cases 


BY ALVIS D. FINCH, M.D., AND WILLIAM M. ROBERTS, M.D., GASTONIA, NORTH C.AROLINA 


From the North Carolina Orthopaedic Hospital, Gastonia 

jMany articles on epiphyseal coxa vara or slipping of the capital femoral epiphysis in 
adolescence, with a residual varus deformity, have been published since the latter part of 
the nineteenth century^. Apparently, however, no case of epiphyseal coxa valga in the 
presence of a morphologically well-formed acetabulum has been reported in the English 
literature, although Muller in 1926 reported the development of coxa valga with epiphyseal 
slipping in cases of hypoplastic, flattened, or almost vertical acetabula. The condition is 
not mentioned in standard orthopaedic textbooks. A study of 100 cases of slipped capital 
femoral epiphyses, treated at the North Carolina Orthopaedic Hospital since 1921, has 
disclosed only two patients with a valgus deformity. This apparent rarity of epiphyseal 
coxa valga warrants the report of these cases. 

CASE REPORTS 

C.\SE 1. A. F., a negro girl, aged fourteen j'ears, was admitted to the North Carolina Orthopaedic 
Hospital on February 22, 1944, with chief complaints of stiffness, restricted motion, and pain in the hips. 
In the summer of 1940 her father had noticed that the patient limped on the left leg; there was no 
associated pain. In the fall of 1941 she began limping on the right leg, also. Gradually the disturbance 
in her gait increased, and, on February 23, 1943, the patient was admitted to Duke Hospital. A summary 
of the significant findings at Duke Hospital is as follows; 

“Five months previous to admission, the patient began to limp on the left leg and complained of 
pain in the left hip. There was no history of trauma or of other known e.xciting factor. The pain was 
dull and aching in character, aggravated by motion and weight-bearing, and relieved by rest; it gradually 
became more severe. During the past month the patient has hardly been able to get around. 

“Physical Examination: Temperature 37.4 degrees centigrade, pulse 82, respirations 20, blood pres- 
sure 110/70. The patient is a well-developed, well-nourished, large colored female who walks rather 
slowly, taking short steps, with the legs close together and in moderate external rotation, with a rolling 
motion of both hips, and a shuffling of both feet. The skin is warm, moist, and elastic, without lesions. 
The patient has the adult female distribution of hair. Both lower extremities are held in external rota- 
tion, and there is considerable limitation of internal rotation, abduction, and flexion. There is no tender- 
ness over either hip to palpation or fist percussion. Except for these findings, the general physical 
examination is within normal limits. 

“Accessory Clinical Findings: Hemoglobin 91 per cent., white blood cells 6,050, sedimentation rate 
(corrected) 10 millimeters per hour. Routine Kahn and Kline tests are negative. Urinalysis is negative. 
Roentgenographic examination of the pelvis, including both hips, shows the neck of the femur to form 
an angle with the shaft of 165 degrees, bilaterally. There is marked slipping of both femoral epiphyses. 

"On February 27, 1943, the patient was given a general anaesthetic; the hips were readily hyper- 
extended and the extremities were internally rotated about 45 degrees and placed in bilateral long-leg 
casts, with cross-bar struts which maintained the extremities in internal rotation and abduction of about 
30 degrees. She remained in these casts until June 23, 1943. Roentgenograms made at that time revealed 
no change over her original roentgenograms.” 

Upon admission to the North Carolina Orthopaedic Hospital, on February 22, 1944, the patient was 
walking with crutches, but she experienced some difficulty because of restriction of motion in the hips. 
The right lower extremity was held in a position of about 15 degrees of external rotation, and the left 
lower extremity in 10 degrees of internal rotation. She was treated conservatively, with traction and 
bed rest. This, however, did not result in any improvement in the roentgenographic appearance of the 
hips; in fact, recent roentgenograms indicated the development of progressive degenerative change.=. 
There was marked limitation of motion in the hips in all directions. 

The preliminary roentgenogram (Fig. 1-A) of the patient’s pelvis and hips, taken February 26, 1943, 
showed moderate, but marked, slipping of both capital femoral epiphyses; the head was displaced up- 
ward, laterally, and anteriorly. A line projected upon the upper margin of the femoral neck transected 
a third or more of the head of the femur. This was in marked contrast with the usual epiphyseal coxa 
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Fig 2-A 

Case 2 Roentgenograms taken September 8, 1936, upon admisaon to the Hospital, show 
slippmg of the heads of both femora 


-f 



Fic 2-B 

Eight months later, the epiphj -es ha\ e almost clo-ed 


\OL 2S NO 4 OCIOBER 104U 


872 


A. 1). KINCII AN'I) \V. M, UOIJEUT.'i 


vara, in which (lie head ib displaced Ijaclcward, downward, and medially, and fauch a line would transect 
little or none of the head of the feimir\ Study of the roentgenogram indicated clearly that the coxa 
valga was not merely an expression of anteversion of (he nock of (he femur. Unfortunately, lateral views 
of the hips were not made. 

C.\sn 2. i\I. II., a lank 3 ’ negro girl, aged thirteen years, was admitted to the North Carolina Ortho- 
paedic Hospital on Se])tcmbcr S, 193G, with a hi.sloiy of pain of iirsidious onset in the right hip, which 
began seven weeks before. There was a rather .sharji limp of the right hip, considerable spasm of the 
muscles of the hip and thigh, espcciall.v the adduclois, aiul limitation of motion in abduction. Tlio 
patient had had no trouble whatever with the left hij), in which there was no limitation of motion. The 
extremities were of equal length. K.xcept for the findings about the right hip, the general physical 
examination was within normal limits. 

A blood examination gave the following results: hemoglobin SI per cent., red blood colls ‘1,370,000, 
white blootl cells S,2o0. '^I'lic blood Wassormann was negative. urinali’sis was negative. Roentgeno- 
graphic examination of the pelvis (Fig. 2-A) showed slipping of the heads of the femora upward, later- 
all.v. and .anteriorl.v, although not to such an extent as in ('^l••c 1. Unfortunately, laler.al loentgenograms 
of (he hills were not taken. 

This iiatient was treated b.y adhesive traction for a period of eight week.-', and then a right hip spica 
was applied for an additional .six weeks. This resulted in complete relief of the p.'iin .and muscle spasm 
of the right hip, and in considerable imiirovcment in .abduction. When last e.xamincd. on June 20, 1939, 
about three .years after onset of the first s.ymptoiiis, the patient walked without .'inj' limp and had had 
no paiia for two yeais. There was no limitation of motion in cither hip joint, excejit for the last few 
degrees of abduction. The fin.al roentgenograms (Fig. 2-H), taken on May 11, 1937, .-howed almost com- 
plete closure of the capital femoral epiphj'.-'Cs in .-ali-factory po-itioiis, with no evidence of anv' degenera- 
tive changes. 


The practical significance of recognition of epipli3"SoaI co.xa valga lies in the fact that 
the use of the conventional, or '\^'liitman, tj’pc of reduction bj'- forcible internal rotation 
is contra-indicated, as it probably increases the displacement of the head of the femur 
and favors the development of avascular necrosis, ns in Case 1. 
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THE JOURX.IL OF BONE .AND JOINT SURGEUY 



UNUSUAL REGENERATION OF BONE IN A CHILD 


BY DONALD J. MAGILLIGAN, il.D., BHOOKLYN, NEW YORK 

There is nothing new about the fact that missing bone fi-agments can be replaced by 
spontaneous regeneration. However, the author feels that some of the featm'es of this ease 
make it sufficiently unique to be worth presenting. 

The patient, a six- 3 'ear-old giil of Puerto Rican origin, was brought into Greenpoint Hospital on 
July 12, 1945. Tlie onlj- historj' obtainable was that she had been struck by an automobile truck just 
prior to admission. Her general condition, together with the language difficultj\ precluded anj’ other 
questioning. 



F'o 1 Fio. 2 

Fig.l: Roentgenograms taken immediately after admission to the Hospital. 
Fig. 2 . The Smith-Petersen nail is demonstrated in situ. 
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0. .1. MAOILLICAN 


Pliys'ical oxainination revealed lliat tlic eliild was con.-ciotis, hut slie did not re.'i)ond to qiie-itions. 
The only perlincut pobilivc idiysical findings were confined to the right upper extremity. There were 
two parallel lacerations, about an inch ap;irl, ami each alamt an incli in lengtJi, over the poatorior aspect 
of the humeral condyie.s. There wa.s niarkedb’ exce.'.dvc niobilit 3 ' of the lower |)orlion of the arm, and 
moderate bleeding from the laceration,-.. The forearm showed no exterind evidence of injury. Finger 
and wrist motions were normal, and there wa.-5 no evidence of circtdatoiy di'-tnrbance. Scn.-ution was 
not tested, bid. there .'^eemed to be no impairment of motor power. 

Roentgenograms revealed a comniimiled fracture involving both luiincral condyles, witii one small 
fragment, apparmdbv free, adjacent to the eond.vle.s. The .section of the hiimerai .shaft extending from 
its mitl-))ortion down to the C()nd 3 'les wa.s coinpltdeix' ali.'cnt ; the bones of tlie forearm were mtact 
(Fig. 1). 

n.'isma wa.s admini.slered, followed b 3 - .a mild re.aclimi, ivitli .some .shock, and the jj.'itient passed 
some blooil-tinged urine, Inimedialf* coiisullalion with Mirgeoiis ;md iirologi.st was held, and the con- 
sensus wa.s that there were no comi)licaling lactor.s which contra-indicated operation. 

It wa.s at fir.st felt that the lu'.st wuy to meet the .siin.'Uioii would be to iii'crt a tibular graft into the 
space left between the fragnu'nt.s. d’h(> rea-on.s for tins deeision were, tii.st, hcc.iuse it was cpiitc obvious 
that some measiire.s mn.st b(' taken to ni.'unt.'dn tin- length of the extremit 3 ' ;md at the s.'ime time to allow 
a reasonable chance of iirei’enling angulation or torsion d('f(ninit 3 ' ; and, secoiul, ijccauso it was felt that 
tlie fibula presented the most re.'idibi* acc<‘.s.si()|(. ...tniree of giaft mateiiid. The fact was t.'iken into con- 
sideration that wounds comjionnded from within, when trcatcil e.-nfv and .•idc(pialel\'. in ai'iieral stand 
a sullicienthv favorable chance of healing without infcciion to jn.-nfv this app.-nentlv’ r.idicat procedure. 

Tiie patient was allowisl to i'ec(j\-ei' fi'oni shock, but her condition three houis after admission was 



Fig. 3 

Approximately three months after operation. There is abundant bone formation, and a pseudar- 
jthrosis appears to be forming around the proximal end of the nail. 
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such as to make it seem unwise to do more surgery than was absolutely necessary ; the original plan to 
take a graft from the fibula was therefore abandoned. The two lacerated wounds were debrided. and 
were found to communicate with an irregular tear in the lower lateral portion of the triceps and its 
tendon. Exploration through this tear revealed a perfectly smooth tunnel, leading from the condyles 
up to the lower end of the proximal fragment. The wall of this tunnel seemed to be intact. .As nearb" 
as could be detennined by the examining finger, there was absolutely no other soft-tissue injury present. 

In the lower part of the tunnel was a small, loose fragment of bone, apparently derived from the 
condyles (Fig. 1). It was then felt even more strongly that something must be done to keep the walls 
of the tunnel from collapsing, and to maintain its length, so that later bone-grafting could be done. 
Several suggestions were made, none of which seemed feasible or wise. Finally, after the idea of using 
such things as clamps, tissue forceps, or sj'iinge plungers had been discarded, it was suggested that a 
Smith-Petersen hip nail might serve the purpose. .After the preriousb' mentioned loose bone fragment 
had been removed, a three-and-one-quarter-inch nail was stenlized, and was inserted through the original 
laceration into the tunnel. The soft tissues were appro.ximated in layers, and the skin lacerations were 
closed tightb' with black silk sutures. The patient was returned to the ward, and the extremity was 
immediately placed in traction. 

Her immediate postoperative course was singularly uneventful, there being only very slight 
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Fig i 

Tliere is now =ohd bone formation The apparent p,-eudarthrosis has disappeared. 
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toinperahirc ('leva! ion. The foieann, iiaiul, and finger.s allowed no niaiiife.itation of circulatory, nerve, oi 
muscle iuvolvemeut. It wa.s decided that on July 2J (the eleventh day) the Sinith-l'etcracn nail wouk! 
be removed, and a bone graft from (he leg bo inserted. Unfortunately, on the day of operation, a veiy 
small quantity of purulent Iluid wa.s found in the original wound, aiul it was thought bc.st to cancel the 
procedure. A spica cast wa.s apiilied under aiiae.sthe.-'ia, with the elbow at a right angle and the forearrr 
.suiiinaled. One roentgenogram, taken nineteen days after the trauma had occurred, showed that a con- 
siderable amount of new bone had already been formed; and the idea of removing the nail and sub- 
stituting a bone graft wa.s then deemed to be impractical and unnece.-.'ary. On September 10, the cast 
wa.s removed, and a posterior molded sjdint was apjdied. One week later, the splint was removed, the 
e.xtrcmity was lolaced in a sling, and .active motion was started. J'he {lalient was keid in the Hospital 
under observation until November 3, roentgenographic .studies being made at intervals. 

Since leaving the Hospital, she has been seen only once in the Out-I’atient Department, on De- 
cember 10. Roentgenograms taken on that dale (I*'ig. -1) showed anterior angulation of the distal portion 
of the humerus. The clinical findings were as follows: The original lacerations had completely healed 
and were non-adherent. There was a crcpit.ant .sen.-ation, just deej) to thc.-e wounds. There wa.s no 
deformity. By actual mea.surcmcnt the right arm was one-qu.arter of an inch shorter than the left. 
There was no delinito atrophy of tlie arm or forearm. Motion of the right .shoulder was complete and 
painless. Motion of the right elbow ranged from St) degrees of lle.vion to laO ih'grees in e.xtension; 
pronation and suinnation were complete ami jrainle.-s. Motion of the wri.-'t and fingers was complete 
and painless. There was neither sensoiy nor motor-nerve disturbance of the extremity, nor was there 
an}’’ alteration in the circulation. 

Although the angulation shown in Figure -1 unque.-itionably had some bearing on the range of mo- 
tion, it was not otherwise apiiarent clinically. On p.alpation, the bony landmarks were in normal rela- 
tionship to each other, and the carrying angle was normal. Up to that time, there had been no apparent 
growth disturbance at the lower end of the huineni.s. Unfortunately, the jeitient has been lost sight of 
and cannot bo traced; hence it cannot be stated whether or not there has been any snb.'cqiient change. 

COM.MK.N’T 

It would appear from this case, in which tlierc was an intact itcriosteal tunnel and 
spontaneous regeneration of a segment of luimerus, three and one-quarter inches in length, 
that bone can regenerate from periosteum alone, — at least in chiUlren. There was no 
evidence at any time of irritative or inflammatory reaction at the site of the nail, and the 
rapid regeneration of the bone bears witness to the fact that vitallium does not inhibit 
such regeneration. 



ISIARCH FOOT IlN; A SE\^N- YEAR-OLD CHILD 


BY HAROLD M. CHILDRESS, M.D., JAMESTOWN, NEW YORK 

The incidence of inarch fracture of a metatarsal bone, or march foot, was greatly 
increased during World War II. Civilians as well as militarj'^ personnel were affected. The 
occm’rence of such a bone lesion in a small child, however, is extremely rare. Only one 
such instance has been found, after a fairly extensive re\'iew of the medical literature. This 
case, that of a ten-year-old girl, was mentioned by Zeitlin and Odessky^. 


C.ASE REPORT 


R. L. W., a boy, seven years of age (Hospital Register Xo. 3442), noticed pain on the dorsum of the 
left foot about one month before admission to the hospital. There was no histoiy of trauma, e.xcept 
that the patient had been walking on a concrete sidewalk one-half mile, three times daily. Discomfort 
in the foot appeared soon after this activity was 
started. Two weeks after the onset of pain, a rounded 
swelling was noted on the dorsum of the foot, which 
was extremely painful to pressure. The skin over this 
mass became slightly reddened and was hot to the 
touch. Rest gave complete relief. The patient re- 
mained ambuIatorj% but the pain became increasingly 
severe. The condition had been diagnosed by the 
family physician as an acute infection of the soft 
tissues. 

Physical examination at the time of admission to 
the hospital disclosed a small, hard, rounded mass 
over the mid-portion of the .-econd left metatarsal 
bone. At this time there were no signs of inflamma- 
tion. Tenderness to localized pressure was moderate 
The foot musculature and the posture were good. All 
the other bones and joints were normal. 

A urine examination was negative. The blood ex- 
amination was as follows; 

4,450,000 
85 per cent. 

7,800 

47 per cent. 

50 per cent. 

3 per cent. 

roentgenograms (Fig. 1) were interpreted as 
showing a fusiform area of proliferative periosteal 
bone, centered about the mid-shaft of the second left 
metatarsal bone. A thin fracture line was seen in 
the center of this fusiform mass. The appearance was 
that of a march fracture or an insufficiency fracture. 

The patient was confined to bed for ten days, and then was allowed partial activity for the next 
three weeks. A low combination longitudinal and metatarsal arch support of sponge rubber was placed 
in the left shoe. When this patient was last seen, three months after onset, the mass had decreased in 
size; the pressure tenderness had disappeared; and he was able to walk normally without discomfort. 
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Fig. 1 

Roentgenogram, taken one month after onset 
of pain, shows typical march fracture in the 
healing stage. 


Had this patient been e-xamined during the acute stage, a diagnosis might have been 
made of osteomyelitis or even of osteogenic sarcoma. March fracture always should be 
considered in osteoblastic lesions of the metatarsal bones, even in young children. 

* Odessky, I. X.: “Pied Force” or “Deutschlander's Disease”. Radiolog>’, 23; 215- 
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FUTURE DEVELOPIUENT OF POSTGRADUATE TRAINING IN ORTHOPAEDIC SURGERY - 

IIV HAI-IMI K. (III()lt.MU;V, .M.I)., ItOCUKSTKlI, AflX-VKSOTA 

Tlio Joint CommilU'o on I’o.sinriutnato Training in Ortliopawlic Snrgcay asked your Program Com- 
mittee for time to present simic of tlie i)rol)lems that are before ns. in the hope tliat a fninlc discussion 
might be jirovoked. We feel that The American Orthopaedic Association should be, and is, more in- 
terested in these inoblcms tlian any other gronj). We hope that some suggestions may come from 3 ’ou 
which will hcl)) us to make turtl’.er jilans fur the training of orthopaedic surgeons in this countrj'. 

In the past .year wo have tried to keep \'ou infornuai of some of our activities. An account of the 
present status ot the work ot the Coinniittee and ot what is left for immediate accomplishment will be 
presented b.v the Secretaiy, Dr. Shand.s. 

How well we are going to train luavons .seeking to be orthoi)aedic .surgeons is a question that should 
be given considerable thought b.v (!ver.v member of this Association. 

I’UOni.K.M.S l.V ni:Vi:LO!>MKNT OK .V TE.VCIIING PHOGH.VM 

A carcfulh’ idanned, but rai)id. incre.asi' in the number of resident training i)rograms throughout the 
country has been nuule. How well some of the.sc will stand the test of time and e-xperience remains to 
be seen. Training i)rograms will have to be evaluated carefully and. unfortunately, .<omc ma.v have 
to be abandoned. Already we find, much to our regret, that some of the residencies, approved after 
much discussion and correspondence, arc not functioning. Such di.sappointments are bound to come. 
The Committee has tried to direct the development of resirlcncies in places where it seemed that suffi- 
cient material and iicrsonncl c.xistcd to justify a training program. The stumbling blocks in some places 
seem to bo as follows; (1) administrative difficulties, in particular, whore the iiorsonnel of two or more 
hospitals ha \'0 to work together; (2) the regrettable, but apparcntl.v universal, inability of human 
beings to avoid friction; and (3) the fact that the main interests of man.v orthopaedic surgeons are in 
directions other than graduate medical training. 

The difficulties of administration usuallj’ can be worked out satisfactorilj' by administrative officials 
who are interested in developing a program of graduate training. These problems vaiy greatlj' from 
place to place and no one solution can be found for all. The second and third problems are those of 
individuals, and can be solved onl}' if the development of orthopaedic surgery becomes of such absorbing 
interest that characteristics which lie at the bottom of imperfect human nature are surmounted. In 
most instances, however, the development of a well-run rcsidcnc.v and the training of a group of able 
orthopaedic surgeons will do much to enhance the reputation of the chief of service in his communit}', 
and will bring to him a lasting feeling of satisfaction. 

PROBLE.MS OF REVIEW OF, AND TR.VINING IN, TPIE B.VSIC AIEDIC.VL SCIENCES 

The recent emphasis on furnishing an opportunity for residents to review and to advance their 
Icnowledge of the basic medical sciences has been the source of some discussion and confusion, and ma}'' 
have held up development of the program in some communities. It is not my purpose to present this 
problem in detail, but it must be pointed out that, in general, the need for this phase of training has 
been widely recognized, and today many types of special training in the basic sciences are included in 
programs for training residents. What method of presentation of these subjects will prove to be best 
remains to be seen, but out of the many plans should come some improved methods. 

Orthopaedic surgeons, like physicians in all other specialties, liave come to realize that they cannot 
develop their specialty to the exclusion of all else, and that it is necessary that they keep informed of 
the many fundamental developments in general medicine and surgery. Therefore, the program must be 
directed toward a better and broader training of the specialist. 

The day may not be far distant when a uniform examination in the basic sciences must be passed 
by a candidate before he can begin training in a specialty. To me it seems that it would be a mistake to 
institute such a procedure, but it is a plan seriously contemplated bj’ the specialty boards at this time. 

* Read before the meeting of The American Orthopaedic Association, Hot Springs, Virginia, June 
28, 1946. 
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PROBLEMS OF TRAINING IN ORTHOPAEDIC SLTiGERY 

Dr. Frank Dickson, in liis Presidential Address before this Association in 1940, said: “There is a 
responsibility which rests upon the members of the American Orthopaedic Association that I doubt has 
been appreciated in its true importance. I refer to the obligation which rests upon each of us to provide 
satisfactorj' training to the extent of his ability for those who wish to enter the field of orthopaedic 
surgerj'. . . . There must be, in addition, a willingness to coordinate these one-year and two-year train- 
ing opportunities with others, so that an acceptable three-year period of training may be available for 
eveo' applicant for Board certification who is deserving of such training. It is possible that you may 
be called upon in the near future to cooperate with the American Board to this end.” 

Because of the recognized scope of orthopaedic surgety% training in this specialt 3 ' must cover three 
phases. This is recognized by all, and no further emphasis is necessarj'. To cover all three phases of the 
training in one institution is oftentimes impossible. The development of separate hospitals for the care 
of crippled children has been a notable trend in the past quarter of a centui^'. It seems possible now 
that this separation may have been overemphasized. However, the principal problem in this phase is to 
utilize to the utmost, in the training of orthopaedic surgeons, the existing services for treatment of 
crippled children. Three questions must be answered concerning tifis problem; 

1. Is there enough orthopaedic surgeo' among children to allow adequate training in this depart- 
ment of the specialty for those who ask for qualification therein? 

2. Is one year of training in orthopaedic surgeiy, as applied to children, sufiScient to qualify a man 
to do this work? 

3. Will economic and political trends further reduce the amount of orthopaedic surgery among 
children which is now available in institutions approved for residency? 

Because of the relative scarcitj' of orthopaedic services on which the patients are children, the Com- 
mittee urges that all such services which are available be used for training purposes when it is possible 
to do so. 

Many problems relating to the adult phase of orthopaedic surgerj' remain to be solved. The scope 
is large and, while orthopaedic surgeons cannot take care of everj- patient whose complaints might 
come under this heading, it is their responsibility to point the waj- toward newer and better methods of 
diagnosis and treatment of orthopaedic conditions and to assume leadership in the teaching of these 
methods. 

To anyone who has watched the trends during the past quarter of a centurj', the shift of responsi- 
bility for the care of fractures and of teaching concerning this care from the general surgeon to the ortho- 
paedic surgeon is obvious. This is no doubt due to the fact that the orthopaedic surgeon has shown more 
interest and ability to carry out this task. Manj' patients have come to regard the orthopaedic surgeon 
as the specialist to be consulted in the care of difficult fractures. Most of the service men from World 
War II who were cared for in General Hospitals learned to regard the orthopaedic surgeon as the man 
who cared for injuries of the extremities, as well as amputations and most aches and pains in the 
extremities. 

Certain professors of surgery are loath to permit orthopaedic surgeons to assume the care of frac- 
tures or the instruction of students concerning fractures. Thej' explain their attitude bj' pointing out 
that it is their responsibility to train general surgeons and that, of course, part of the training must be 
in the care of fractures. This attitude is not justified in institutions where orthopaedic surgeons are well 
versed in the care of fractures, and anxious to help with that phase of teaching. Continued effort on the 
part of all orthopaedic surgeons to demonstrate abilify in the care of fractures and to improve methods 
of teaching will result in more services coming under the care of orthopaedic surgeons. 


COMMENT 

Are we to continue to supply and to supervise the training of men to carrj' practice in the specialtj’ 
to better and higher levels of accomplishment? Now is the time to realize the position of orthopaedic 
burgerv-. It ha.s developed rapidly and has made great strides. With the help of the young men who 
are becoming orthopaedic surgeons, the speciaify should go fonvard to greater and better things. 

.A number of affiliations between training services have been developed. The Committee has not 
felt that it should designate services for affiliation, although suggestions have been made in some in- 
stances. We feel that more lasting affiliations will be made through mutual selection bv- chiefs of serv- 
ices. If, in any instance, the Committee can help in the selection of affiliates, it will be glad to do so. 

It is not, and never has been, our purpose to attempt standardization of teaching services. Some 
minimum requirements have been established and will be a guide to many. As time goes bv- and 
experience is gained, a greater tendency to standardization may develop, particularly if some services 
seem to develop a consistently better type of orthopaedic surgeon than others. The following factors 
seem to be important in a good teaching service; (1) willingness of orthopaedic surgeons to devote time 
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to Iciicliing, (2) ability of siicli pcr.suniiol to tc.-icli, (,'5) amount and variety of clinical material, both in 
the hospital and in out-patient departmentd, (■!) availability of laboratories, j)o.stniortcm service, jjatlio- 
logical deiuon-stratiouH, library and motion-picture films, (5) the po.-.-'ibility of conferences and ncminars, 
(6) contacts with men on other services, both teaOhers and .students, with exchange of idc.as about current 
medical topics, aiul (7) freciuency of contact with vi.'iling surgeons and lecturers. 

In order to ju-e.^ent examples of some of the organized teaching services for training orthopaedic 
surgeons, I have asked that .several of the jdans for training be s\ibmitlcd. The.'O plans are diversified 
and often coniph'X. 

To those who have vt.-ited the liritish I.sle.s, the po.sition of British orthopaedic .surgeons in the 
scheme of specialization has seemed more advanced and .secure than our osvn. They have been rec- 
ognized more widely than American orthopaedic .surgeons h.ave been. During Worhl War I, due to the 
magnificent leader.--hip of 8ir Roliert .Jones, the .specialty la'came well louiuied and well recognized .and, 
in turn, it has contributed much to the advancement of medical science. 

One of the distinguished leaders of Britisli orthop.aedic .surgery, Mr. Harry Platt, is a guest at this 
Meeting. 'I'liat Ids group is contributing to the developnuait of this speci.alty is m.anife.sted by two 
articles written by him, which have appeared in Briti.-'li medical literature in the pru^it two years. These 
deal with “Orthopaedic .Surgery and tlie Future” and “The Place of Orthopaedics in Medical Educa- 
tion”. Both of th('s(> articles are worth iieru.'.'d and study. 

Our Committee looks upon the dcveloi)ment of a po.stgr.'idu.ate traiidng program as a never-ending 
task. The ultimate goal — a group of perfect orllmpaedic .surgeon.s — will, of eour.'C, never be re.ached. 
One of the most fa.scinating features of the practice of medicine i.i the con.stantly changing viewpoint. 
New methods aix' devisial, only to be .■'Upi'r.-'cded and outmodeil by newer mi'tlmd.'. Orthoi)!U'dic sur- 
gery is among the advancing phases of medical .-cience and, if its practitioners are alert, its progress 
cannot bo stopped. AVe want every member of this A-'-'oeiation to feel it his dnti' to help develop better 
training for orthopaedic surgeons. 


ui:i’Ei{ENci;.-s 

Dick.so.n, E. D.: Presidential .Addre.'S. .1. Bone and .Joint .Surg., 22: 525-530, Jvdy 1910. 

Pl.\tt, II.\ut(Y: Orthopaedic Surgery and the Future. I.ancet, 1: 95-97, 19 M. 

The Place of Orthopaedics in Aledical Education aiul in Regional no.spital Services. 
I.ancot, 2; G13-G15, 1915. 


Dist’t'.-s.sio.v 

Dr. Guy A. Caldwell, Now Orleans, Louisiana: The report of Dr. Ghormley, covering the excellent 
contribution made by his Committee to meet a veritable crisis in the progress of orthopaedic surgery, is 
excellent and reciuircs only commendation, rather than comment. The Joint Committee on Postgraduate 
Training has worked closelj' with the Council on Medical Education and Hospitals and with the Com- 
mittee on Resident Training from The American Boaril of Orthopaedic Surgerj". 

Additional residencies for training in orthopaedic surgery must be made to conform with require- 
ments of the Council on Medical Education and Hospitals of the American Medical Association, because 
the Council is t' e only organization which has authoritj' to apjuove resident training itrograms in lios- 
pitals. Many hospitals seeking to have orthopaedic services approved for resident training are required 
to submit a formal application to the Council. The Council then sends a representative to the hospital 
to make a detai'ed .siua-ev. the report of which is subinitted to the Council and to the Board’s Committee 
on Resident Training. The latter Committee c.an review the report and make recommendations, but 
final approval of any training service rests with the Council on Medical Education. 

The American Board of Orthopaedic Surgery was incorporated in 1934 and received official approval 
by the Advisory Board of Medical Specialties and the Council on Medical Education and Hospitals. Its 
stated purposes, as set forth in its charter, are, first, “to elevate the standard of qualifications for the 
practice of orthopaedic surgery and to certify those surgeons who voluntarily comply with its require- 
ments” and, second, under Article 2, Section 2, “to test and determine the qualifications of applicants for 
examination and to issue certificates to those found qualified”. 

The Board is composed of nine members, elected by three component organizations, — namely, the 
Orthopaedic Section of the American Medical Association, The American Orthopaedic Association, and 
The American Academy of Orthopaedic Surgeons. The American Orthopaedic Association is represented 
by three members on the Board, — namely, Dr. LeRoy C. Abbott, Dr. Fremont A. Chandler, and Dr. 
Allen F. Voshell. Members are elected for a term of three years and no one member may succeed himself 
for more than three terms, or a total of nine years. It is evident from these facts that the nine Board 
members, representing the three component organizations, are obligated to carry out the stated purposes 
in conformance with the terms of its charter and the rulings of the Council on Medical Education. 

In 1934, the Board set about its task by having those who then were practising orthopaedic surgery 
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submit their qualifioatious ami references for review by a Committee on Eligibility. Xo standards of 
training having previously been established, this Committee necessarily used great latitude and discre- 
i tion in review of the data submitted. Tlie training and experience of most of the applicants were 
S ‘'irregular”, as judged by present standards, but whenea-er an applicant was found to have acquired 
' adequate experience in the specialty by any means whatever and was found to be limiting his practice 
to orthopaedic surgery, it was ruled that he was eligible for examination. Examinations were given with 
consideration ami discretion, those of the earlier groups who passed the e.xaminations were certified, and 
thus the work was begun. 

However, to meet the obligation of raising the standards of orthopaedic surgeiy, the Board made 
certain mlings and announced certain intentions. It stated that thereafter an appUcanc must show that 
he had had three years of intensive training in orthopaedic surgery, at least two of which had been spent 
as resident on an orthopaedic service in an accredited hospital. Furthermore, it was annoimced in the 
rulings that, after 193S, three full years of resident training would be required. Therefore, an adequate 
interval of time from 1935 to 193S was allowed to enable all who were practising orthopaedic surgery, 
' but who had received irregular training, to make application and take the examinations. At the same 
time hospitals, trainees, and cliplomates interested in advising their assistants were notified that, after 
193S, three years of training on orthopaedic services accredited by the Council on Medical Education 
and Hospitals would be required. 

Early in its career, the Board's experience with applicants indicated that in general, training ac- 
quired by preceptorship or apprenticeship was inferior to resident training on accredited services. Such 
training was, therefore, discouraged and penalized in the interest of raised standards. The following 
ruling was made: “Preceptorship: In certain instances the Board may recognize training under the 
preceptorship sv'stem. Applicants under this category' must show evidence of har'ing received a rotating 
internship and at least one year of surgical training in an approved hospital, must have served for a 
period of at least five years as a full-time assistant to an orthopaedic surgeon certified by- the Board and. 
in addition, must have been engaged in practice limited to orthopaedic surgery for a further period of 
five years. During this latter period he should have held a position on the staff of an approved hospital 
as orthopaedic surgeon and should have given evidence of scientific and professional ability." 

From 1936 until 1944, there were only the two approved plans for training: (I) three years of 
orthopaedic resident training on services approved by' the Council on Medical Education and Hospitals, 
and (2) the preceptorship plan, requiring the lapse of at least twelve years after graduation from 
medical school. 

In 1944, after much consideration, the Board approved a third plan of training, designated as “Com- 
bined Assistantship and Resident Training”. This was done because Board members recognized that, 
in certain cities where medical schools and approved resident-training services do not exist, diplomates 
have organized large private clinics and sendees in community hospitals wliich offer excellent oppor- 
tunities for training for limited periods of time and have the advantage of placing the trainee in contact 
with private patients. Nevertheless, it was recognized from the outset that the number of such positions 
would be limited and that such sendees must be carefully rerdewed by the Board itself, since the Council 
on hledical Education could not take cognizance of such sendees. On the whole, the plan is regarded by 
the Board as experimental and may prove to be impractical. Nevertheless, it is presently acceptable 
when it conforms to the following ruling: “In special instances with the approval of the Committee on 
Resident Training the Board will recognize for not over two years’ training in orthopaedic surgery' 
periods of training in which the candidate combines work in a hospital sendee with part-time assistant- 
ship to an orthopaedic surgeon certified by The American Board of Orthopaedic Surgery, protdded that 
the major part of his time is spent by' the candidate in the hospital service”. Please note that credit for 
such sendee cannot be extended except when the applicant and the diplomate concerned submit before- 
hand to the Committee on Resident Training a prospectus, showing the plan of sendee and the amount 
and variety' of clinical material available to the trainee in the course of his sendee. 

With the outbreak of World War 11 and the mobilization of hundreds of orthopaedic surgeons and 
trainees into the Armed Forces, the question was raised as to credits that might be allowed for experi- 
ence gained while in the Sendee. The Board, therefore, ruled as follows: “During the recent national 
emergency, credits up to a m.aximum of two years may' be allowed for experience gained in surgery and 
orthopaedics wdiile serving -with the Armed Forces. Credits will be given only upon presentation of 
evidence that such sendee has, in the opinion of the Committee on Eligibility, been equivalent to 
similar periods of approved hospital training. Record of all such mihtary sendee should be kept in the 
Record of Professional Assignments prescribed by the Ad\dsory Board for Medical Specialties and 
submitted with his application. 

“(a) A year of orthopaedic experience with the Armed Forces may be accepted to replace one of the 
three required years of orthopaedic resident training.” 

In general, the Committee on Eligibility approves such credit only when the Record of Professional 
-Vssignments shows that the trainee sen-cd for as much as a year upon an orthopaedic service in a General 

vot.. as. xo. . 1 . ocTOBEit tore. 
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IIospiDil uiulor Mipcrvij^icm of a (liplouialc of the Uoiml. Ikcaii.-'O the work on Mich .-ervicc.s wn.-j largely 
limited to fractures and other orthopaedic problems common to i'onng adult males, the year of credit 
must apply to the reipiired six months of fracture training and six months on the reciuired year of adult 
orthopaedic surgery. 

“(1)) A second ye.ar of orthoiiaedic .service with tlie Armed T'orces may be credited as a c'ear toward 
tlio practice requirement.” Tliis credit on tlie practice reiiuiremont is, in general, allowed to ail appli- 
cants wlio served with the Armed Forces, regardle.NS of the cliaracter of their .■'crvice. 

Although it obviously was c.-.M-ntial lliat the Hoard recognize the jiroblem of the trainees whose 
resident training was interruiited liy tlie nece.'sily for entering Military .Service, and grant such credits 
as might b(> possible, it was equally important not to lower ihi' sliindards of orthop.aedic surgery. To 
have lowered those standards would be unfair to diplomates who had gone before and equally unfair to 
those who would come after the War. Nevertheless, the problem of ev.aluating orthop.aedic training 
received while with the .•\rmed Forces, and of .advhsing the hundreds of young men whose training had 
been interriqited as to the character of service needed to complete their training, has greatly complicated 
the duties of the Secretaiy of the Hoard, the Committee on Kligibility, and the Secretary of the Joint 
Committee on Postgraduate Training. 

In 1912, the Hoaril dii'ided the examination into two p.arts: The minimum reiiuirements for Part I 
of the examination “shall consist of conqiletion of a rotating internshii) followed by at least one ye.ar 
of resident training in orthopaedic surgery on an approved service”. 

For Part II; "Candidates aiqilying for examination, Part If. must have successfully jiasscd Part I 
and must have completed the prescribeil training ami practice periods, as dotined in Article 7. .Section 2”. 

The purposes for making this change were: 

1. To screen i)ros])cctivc candidates for Part II I'arly in their training, before they harl invested five 
years’ time and much momy in the reiiuinal training and practice jieriods; 

2. To bring trainees in cont.act with the Ho.ard and its rulings early in their training, so a- to guide 
them in selecting services for conqiletion of their training; 

3. To enable trainees whose training was interrupted by Military Service to complete their e.xamina- 
tions in the Basic Sciences and Surgical Princijiles before they were too long separated from their 
medical .school and hospital training: 

‘1. To assist military authorities in the selection of men for orthoiiacdic services. 

The plan was put into elYoct in 1913. It is a definite departure from the e.xamination ])rocedures 
used b 3 ' other specialti' boards; it adds greatW to the work of the Board, its officers and committees; 
and it multiplies the expense. Nevertheless, after tlircc .vears of experience with the plan, the Board 
Members are unanimous in their approval. The plan has not onlj’ acconqdished the four purposes 
mentioned, but, because Part I of the examinations h.as been given each j'car in four different centers 
with the assistance of man.v of our teachers and diplomates who would otherwise not be concerned with 
Board activities, it has .awakened dee]) interest in, and support for, the work of the Board throughout 
the countiy. 

From the time the Board was incorjioratcd, it was recognizeil that well-rounded training in ortho- 
paedic surgeiy .diould include instruction in the basic sciencc.s (anatom.v, pathologj', pln-siolog 3 ', .and 
biochemistiy) and in the three phases of orthopaedic surgciu’, — nameB'-, those concerned with children, 
adults, and fractures. As time went on, it became ajjparent that many applicants were receiving poorly 
balanced training, either because the material in some of the approved three- 3 'ear training centers was 
inadequate in some of the phase.s, or because the applicants took part of their work in one institution 
and part in another and skipped some of the essentials to well-rounded training, altliough the 3 ' had spent 
the required three 3 "ears on appro\-ed resident training services. In 1943, this problem was discussed with 
representati^■cs of the Council on Medical Educ.ation and with their counsel; the total three-year pro- 
gram was defined to include one 3 'ear of children’s orthopaedics, one x’car of adult orthopaedics, six 
months of fractures, .and six months of basic-science training. As stated in the ruling; “All of this work 
may be carried on concurrently” [in a hospital with an approved three-year training program]. “In 
many instances, however, the applicant may take each phase of this training in a different institution.” 

By defining the four phases of orthopaedic training thus, man 3 '' of the threo- 3 'ear training services 
have improved and balanced their work, and m.any institutions have been able to set up approved 
training in one or more phases, thus making it possible to affiliate groups of .special hospital services or 
to provide opportunities for matched training in different institutions, that will meet the requirements. 
During the present crisis, when it has been necessary for the Joint Committee on Postgraduate Training 
to expand the number of approved services rapidly, this foresigh ted ruling passed b 3 " the Board and 
Council in 1943 has been of great assistance. 

During the years 1943, 1944, and 1945, the officers of all the Surgical Specialt 3 ^ Boards met repeatedly 
to confer upon measures to improve resident training. There was unanimous recognition of two weak 
points in all the Surgical Specialty programs: (1) failure in all but the better universit 3 --controlled 
programs to provide adequate instruction in the basic sciences, as related to the various specialties, and 
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(2) .1 tuiikiuy to I'linnt lr.iiiit.cs to l.uincli out into 'pcri-ilty tiainiiig uitliout fiist being iiell grounded 
msurgio.il pniiciplc'. 

\Mii.ii tlic Ho.iul'. .utitig tlirougli the Count d on Mctlif.il IMiii itton .mil Ho'pit.il', beg.in to request 
tiio hospitals aiiii niiiiif.il si'liool- to .iliow more tune loi iii'liuition in the b.isic sciences and more 
assist.iiice m teaching, they nceuetl mniieroii' inqumes .mil requests liom medical schools and hospitals 
to sietiiy approMiiiately tlio pcrioil of time tli.il 'liuiilti be giien to siicii iii'tiuction and to specify a 
general pattern for such ti.umiig. In .m effort to loniiily with these requests, our Board defined its 
baac-sciciiee roquirenieiil ami specified a geiieial pattern for its teaching This is not intended to be an 
absolute .mil fixed schedule, — C'pecially not m the three-year training centers in which the ba.=ic-scienee 
truiuiia liny in ttir he iiKi gr.itnl thionglniiit the entire perioil Ilostiwcr, it has been and will be a real 
help to those who must tiy to obt.iin a complete, well-roiimlcd training by matching the serwices of 
scleral iiisUtulion'. Those x-socialeil with umier'iiy-conirotlcil piograms, who are prone to criticize 
this .ami some similar nihngs of the Boanl as being too specific ami formalized, must be reminded that 
prokibly Ic-s th.rn half of the camlidatC' applying for examination and certification by the Board are 
trained in threc-j car centers. 

In these few mimiies 1 h.ixe tried to cover brielly the m.ijor 'tep- in the oiolution of the Board as 
It has btniggled during the ch.mging Him - to carrj- out the purposes for which it was created, — namely, 
“to nn-e the qualifications and st.intlanls for the iir.iitue of oithopaeilic surgery and to certify those 
surgeon- who voluntarily comply wilii it- reiimrements”. 

During my term of office .is Secretary, many conipl.nnts have been registered against the rulmgs of 
the Board and their interpretation by the various committees In some instances, these have been 
lUstifieil anil have heen (.orroctcil .is promptly as po—ible Mo-r complaini' however, have arisen fiom 
lack of familiarity with the rulings,— both b\- camlnlatos and by our own diplomates The saddest in- 
stances of candidates rejected for lack of proper tr.aimng have ari-en because they were tll-adv'ised in 
the planning of their tr.iining by diploniatcs of the Board, who -eem to think u unnecessarj' to 
iamiharize themselves with the revised rulings issued from time to time Their advice to candidates of 
today has been based upon their expcnence with the Board when they were examined, ten years ago. 
Others have been advised on the basis of the diplom It cs’ conception of what should constitute good 
training, rather than on present rulings of the Council on Medical Education and the Board. The next 
nost frequent cniicism has been that the Board is too ngul and literal m the application of its rulings; 
ant, curiously enough, there is another consider.able group who complain that the regulations and require- 
ments are enforced with too great leniency The latter group would use a standard measuring rod and 
=ive an unqualified "yes” or “no”. The former would eliminate all presenbed training, do away with the 
Committee on Eligibility, and invite all who claim to have had traimng to take the examinations, thus 
■elj-ing entirely upon a single examination to determine the standards of orthopaedic surgery- in America. 

In conclusion, I would like to urge the following points- 

1. Let ev ery diplomate of the Board review carefully the revised rulings. 

2. Let us suggest to every prospective candidate, who washes adxace concerning his trammg, to 
^te to the Office of Orthopaedic Information or to the Secretary of the Board. 

3. Let us realize that better orthopaedic surgeons will be developed when the standards of resident 
uaming are maintained at a high level. This can best be accomplished through the efforts of this Joint 
-ommittee to keep in close touch with all trammg services. This Committee, therefore, must hav-e the 
^■holehearted support of ex-ery member of the Association 

4. Whenever and wherever you hear a diplomate of the Board criticizing its policies and rulings, 
please make note of his name and nominate him for membership on the Board. Three j-ears of strug- 
;ling vvfith its problems will cure the complaints of its severest critics! 


report from the COanHTTEE ON POSTGRADUATE TRAINING IN 
ORTHOPAEDIC SURGERY AND THE OFFICE OF ORTHOPAEDIC INFORMATION 

Since the last report of the Committee on Postgraduate Trammg and Office of Orthopaedic In- 
ormation in the July issue of The Journal, the work of this Committee and Office has continued to be 
active. As of August 15, there were on file 294 names of medical v-eterans who were desirous of 
0 taming orthopaedic training in 1946. However, because much of the information on these veterans 
Was sev^eral months old, it was believed that many of this number hav-e now either changed their plans 
or training or have received appointments, and that this Office was not notified. A questionnaire was 
-ent out on August 17 to determine the present status of this group. As of September 6, 213 replies have 
een received. The analysis of the information on the questionnaires returned shows that the situation 
traimng in 1946 is not so acute as it was several months ago. Of the 213 men who re- 
P led, ninetv'-nine, or 46 per cent , are still desirous of orthopaedic appointments for 1946; forty, or IS 
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per cent., for 1947 ; Uvcnty-threc, or 11 per cent., for 1948. Twenty-five, or 11 per cent., now have appoint- 
ments, but will require further training to complete the rcquircment.s of the Board; and twenty-six, or 
12 per cent., are either completing their training at the present time or have gone into general practice. 
It is likely that most of the eighty-one whose questionnaires have not been returned are also in this 
latter group. 

The questionnaires indicate that the majority of those not placed would definitely be interested in 
a combined assistantship and resident training, as stated in Section II, Paragraph 3, in the Information 
Bulletin published by The American Board of Orthoiiacdic Surgery, revised in .January 194G. 

Since the last report, there has been no change in the total number of approved residencies, this 
number being approximately 450 ; but there are at the present time about ten additional hospitals, with 
approximately fifteen residencies, that are in the process of being approved by the Board and the 
Council on Medical Education and Hospitals of the American Medical Association. The Board has 
staled that, if a hospital has been approved for resident training, the decision will be left to the hospital 
regarding the number of residents thej" wish to train. This will enable many of the hospitals to train 
additional men without further approval. 

Since the last report, this Office has been notified of only five vacancies. There are, however, still 
being established now resident training services in the Veterans llosjiitals, which will have many new 
appointments to make. From the information this Office has had, some of these Veterans Hospital 
services are going to afford excellent training for the residents. Many Veterans Hospitals now have 
full-time Board Diplomates as chiefs of service. 

The Office continues to receive requests for the names of fully trained orthopaedic surgeons to fill 
permanent locations. The Secretary will greatlj'^ appreciate hearing from men who have taken their full 
training and wish locations for practice. 

EOH THE COMMITTEE ON POSTGR.VDU.-VTE 
TU.VINING IN ORTHOPAEDIC SURGERY 

A. R. Shands, Jr., M.D., Secretary 


THE INTER-AMERICAN ORTHOPAEDIC FELLOWSHIP PROGRAM 

The Committee on Inter-American Fellowships in Orthopaedic Surgeiy, representing The American 
Orthopaedic Association and The American Academy of Orthopaedic Surgeons, has been forced to dis- 
continue its fellowship program for the present, because of overcrowded conditions in American teaching 
centers. 

During the three years in which this fellowship program was operating, eighteen Latin American 
students of orthopaedic surgery spent from six months to two years in various teaching centers in the 
United States. The whole experience was most beneficial from the standpoints of both the students and 
the faculties involved. 

The funds for support of this orthopaedic fellowship program were generously provided by the 
W. K. Kellogg Foundation of Battle Creek, Michigan. In addition to a monthly stipend, each student’s 
expenses were paid while he attended an annual meeting of The American Academy of Orthopaedic 
Surgeons. At the end of his period of training, each fellow was accorded a travel period of a month on . 
an itineraiy of his own selection. 

While in the United States this group of students organized an Orthopaedic Correspondence Club, 
w'hich thej’' expect to continue after returning home and which should prove to be of distinct professional 
and social value to them and to their respective communities. 

Such a sponsored fellowship program has the wholehearted endorsement of the Department of State. 
Undoubtedly it is of value in giving concerted guidance to the visiting students of orthopaedic surgery. 
It is unfortunate that the program must be curtailed, even temporari] 3 ', as many aj^plications have had 
to be rejected from foreign students hopeful of such an opportunity. 

Oscar Lee Miller, M.D., Chairman 



News Notes 

Tlie Annual Meeting of The American Academy of Orthopaedic Surgeons will be held at the 
’aimer House, Chicago, from Januarj' 25 through 31, 1947. It is e.xpected that the guest .speaker will be 
iir Reginald IVatson-Jones. The Instructional Courses, under the Chairmanship of Dr. Walter P. 
Mount, will be giyen on January 25 and 26. Further information may be obtained from the Secretary', 
Dr. Myron 0. Henry, 401 Medical Arts Building, Minneapolis, Minnesota. 


The Atlas of Orthopedic Patliologj’ was prepared in 1943, at the Army Medical Museum, by 
dajor D. M. Angevine and Colonel J. E. Ash, from material in The Registry of Orthopaedic Pathology, 
its publication was sponsored by The American Academy of Orthopaedic Surgeons and The American 
loard of Orthopaedic Surgery'. Copies are still available, and may be purchased from Dr. Joseph A. 
freiberg, 707 Race Street, Cincinnati 2, Ohio. The price is $5.00 per copy, and remittance should be 
ent mth the request. 


Dr. iM. N. Smith-Petersen has recently returned to Boston after spending several months in Norway. 
iVhile there Norway’s highest honor, that of Commander of the Royal Order of St. Olav, was bestowed 
ipon Dr. Smith-Petersen by Iving Haakon. 


Dr. J. E. M. Thomson, of Lincoln, Nebraska, who went to Czechoslovakia as a member of the 
Jnitarian Medical Teaching Mission, and other members of the Mission were awarded the highest 
ecognition of the Czechoslovakian Republic, — that of the Order -of the White Lion, given by the 
'overnment for distinguished serrdee. Dr. Thomson was also a guest speaker at the congress of the 
ieshosloveiuha Spolecnost Orlopedicka held on August 2S, 29, and 30, and was elected to honorary 
nembership in the society. 


The American Board of Orthopaedic Surgery will hold its ne.vt e.vamination (Part II) at Chicago, 
Illinois, on January 22, 23, and 24, 1947. The deadline for receipt of completed formal applications and 
ipplication fees is November 1, 1946. Letters of request and applications received after this date cannot 
36 accepted. Correspondence and applications related to Part II of the examination should be sent to 
he Secretary', Dr. Francis M. McKeever, 1136 West Sixth Street, Los Angeles 14. California. 

ARMY INSTITUTE OF PATHOLOGY AND AMERICAN REGISTRY OF PATHOLOGY 

What is now known as the Army Institute of Pathology was established in 1863 as the Army- Medi- 
cal Museum. During World War II the activities of the Institute were greatly' expanded, especially in 
the field of diagnostic pathology and research. There are now on file o\-er 170,000 accessions. The results 
of research at the Institute during the past few years will be pubhshed in a volume of about 1400 pages 
as a part of the official history of World War II. 

On request of Major General Norman T. Kirk, The Surgeon General of the Army, the Committee 
on Pathology of the National Research Council, Division of Medical Sciences, in late 1945 prepared a 
report on the future development of the Institute. The report has been approved by The Surgeon 
General and by the War Department. 

The essential recommendations in this report are: (1) that a new building of adequate size be con- 
structed; (2) that the Institute be organized in four divisions — Department of Pathology', Army Medical 
Illustration Serv-ice, Army Medical Museum, and American Registry' of Pathology — each headed by a 
competent specialist; (3) that the staff of the Institute be drawn from both the commissioned ranks of 
the Army and from the civilian professions; (4) that a comprehensive educational and training program 
be undertaken; (5) that the vast store of material at the Institute be used for research; and (6) that the 
services in pathology in the Veterans’ Hospitals be centralized at the Institute. 

The American Registry of Pathology, founded in 1922, thus is, and will continue to be, an integral 
part of the Army Institute of Pathology'. There were, on January 1, 1946, over 43,000 cases registered^ 

At the present time the American Registry of Pathology comprises fourteen registries. One of these 
is the Registry' of Orthopaedic Pathology, e.stablished in 1943 and sponsored by The American Acadeniy 
of Orthopaedic Surgeons. 

All specimens in the Registry' are available for review and research by competent investi-'ator- 
Sets of slides and accompanying syllabuses on special fields are available for loan to the civilian profes- 
sions and officers in the federal sem'ices. Physicians, dentists, and veterinarians are urged to =end 
unusual specimens together with an abstract of the history' to the Registry-. The contributor receives a 
report on each specimen and is asked to keep the Registry informed of the follow-up on the patient. 
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THE AMERICAN ORTHOPAEDIC ASSOCIATION 

The Fifby-Nintli Anmiiil I\Ioci,ing of Tlic Aincrican Ortliopacdic AyHociation, under the Presidency 
of Dr. J. Albert Key, was licld at Tlie Homestead, Ifot Siirings, Virginia, June 27, 2S, and 29, 1916. Two 
sjanposia were presented and a number of j 5 aj)ers were reatl, as follows: 


TiiunsD.VY, June 27 

Morning Session 

Another Treatment for Congenital Fiat Feet, 

James E. M. Thomson, AI.D., Lincoln, Nebniska (read by J. Warren White, M.D., Greenville, 
South Carolina). 

Discussion: I.,ono.\- D. Baker, M.D., Durham, North Carolina (by invitation); 

J. AVarren AAndte, M.D., Greenville, South Carolina. 

The Definition of Human Locomotion on the Basis of Measurement, with Description of O.scillo- 
graphic Method. 

R. Plato Schwartz, M.D., Rochester, New York. 

Discussion: Verne T. Inman, M.D., San Francisco, California (by invitation); 

Robert VJ. Johnson, M.D., Baltimore, Maryland; 

Arthur Steindler, M.D., Iowa City, Iowa. 

Hypermobile Flat Foot with Short Tendo Acliillis (HFF-STA). 

Robert I. Harris, M.B., Toronto, Ontario, Canada; 

Major T. Beath, M.C., Toronto, Ontario, Canada (by invitation). 

Discussion: Frank D. Dickson, M.D., Kansas City, Mi.ssouri; 

Edwin \V. Ryerson, M.D., Chicago, Illinois; 

John R. Moore, M.D., Philadelphia, Penn.« 3 'lvania: 

John L. McDonald, M.D., Toronto, Ontario, Canada ; 

J. Warren AVhitc, M.D., Greenville, South Carolina; 

Compton Riel 3 ^ AI.D., Baltimore, Maiyland; 

Fremont A. Chandler, M.D., Chicago, Illinois; 

Halford Hallock, M.D., New York, N. Y.; 

Robert I. Harris, M.B. 

Pre--Emplo 3 'ment Back E.\aminations. 

Steele F. Stewart, M.D., Honolulu, Hawaii. 

Discussion: Philip Lewin, M.D., Chicago, Illinois; 

Steele F. Stewart, M.D. 

Active Splinting of the Hand. 

Sterling Bunnell, M.D., San Francisco, California ( 63 '^ invitation). 

Discussion: Philip D. AVilson, M.D., New York, N. Y. ; 

Sterling Bunnell, M.D. 

Evening Session 

Symposium on the Intervertebral Disc. 

Arthur G. Davis, M.D., Erie, Pennsylvania, Chairman. 

End-Result Study of the Intervertebral Disc. 

Raymond E. Lenhard, M.D., Baltimore, Maryland (by invitation). 

Ruptured Intervertebral Disc and Sciatic Pain. 

Joseph S. Barr, M.D., Boston, Massachusetts. 

The Disc Factor in Low-Back Pain with or without Sciatica. 

J. Grafton Love, M.D., Rochester, Minnesota (by invitation) . 

An Analysis and Differentiation of Low-Back Pain in Relation to the Disc Factor. 

Arthur Steindler, M.D., Iowa City, Iowa. 

Diagnosis by Myelography in Disc Lesions. 

Lt. Colonel Aubrey 0. Hampton, M.C., A.U.S. (by invitation). 

Pathological Studies on Intervertebral Discs. 

Charles Eckert, M.D., St. Louis, Missouri (by invitation) ; 

Alfred Decker, M.D., St. Louis, Missouri (by invitation). 

Anatomico-Physiological Aspects of Injuries to the Intervertebral Disc. 

Verne T. Inman, M.D., San Francisco^ California (by invitation) ; 

J. B. deC. M. Saunders, M.B., San Francisco, California (by invitation) . 
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Discussion; William Jason Mixter, M.D., Boston, Massachusetts (by invitation); 

Theodore A. Willis, M.D., Cleveland, Ohio; 

Barnes Woodhall, M.D., Durham, North Carolina (by invitation) ; 

Halford Hallock, M.D., New York, X. Y. 

Friday, June 2S 

riu'iifj Session 

Fuiuie Development of Postgraduate Training in Orthopaedic Surgerj-. 

Ralph K. Cihormley, M.D., Rochester, Minnesota. 

Discussion;- Guy .V. Caldwell, M.D., Xew Orleans, Louisiana; 

.-V.. R. Shands, Jr., M.D., Wilmington, Delaware; 

Steele F. Stewart, MT)., Honolulu, Hawaii; 

Theodore sV. Willis, MJ).. Cleveland, Ohio; 

Philip D. Wilson, M.D., Xew York. X. Y.; 

Robert I. Harris, M.B., Toronto, Ontario, Canada; 

Ralph K. Ghormley, MT). 

Report of the Committee on Infantile Paralysis. 

Robert W. Johnson, M J3., Baltimore, Marj-land. 

Discussion; .A.. R. Shands, Jr., MJD., Wilmington, Delaware; 

A, Bruce Gill, M.D., Philadelphia, Pennsjdvania ; 

Robert W. John.'on, MJ3. 

The Xewer Pathological and Physiological Concepts on Anterior Poliomyelitis and Their Clinical 
Interpretation. 

.Arthur Steindler, MT)., Iowa City, Iowa. 

Discussion; H. Relton McCarroll, MJ)., St. Louis, Missouri; 

William T. Green. MJ)., Boston, Massachusetts; 

Arthur Steindler, M.D. 

End Results Following Bone-Grafting for Xon-Union of Carpal Scaphoid. 

Gordon Murray. MJ)., Toronto, Ontario, Canada (by invitation). 

Discussion; Robert 1. Harris. MJB.. Toronto. Ontario, Canada; 

Edwin F. Cave, M.D., Boston, Massachusetts. 

President's .Address. 

J. .Albert Key, M.D., St. Louis, Missouri. 

’ternoon Session 

The Evaluation of Cortical and Cancellous Bone as a Grafting Material; .A Clinical and Experi- 
mental Study. 

LeRoy C. .Abbott, MJ)., San Francisco. California; 

Edwin R. Schottstaedt, M.D.. San Francisco, California (by invitation) ; 

J. B. deC. M. Saunders, M.B., San Francisco, Califoniia (by invitation) ; 

Frederic C. Bost. M.D., San Francisco, California. 

Discussion; Ralph K. Ghormley, MJ).. Rochester, Minnesota; 

Fremont .A. Chandler. MJ)., Chicago, Illinois; 

LeRoy C. .Abbott, MJ). 

Suiwival in Bone Sarcoma. 

Harry Platt, F.R.CS., Manchester, England. 

Discussion; Dallas B. Phemister, M.D., Chicago. Illinois; 

Philip D. Wilson, MJ)., Xew York, X. Y.; 

Henr\^ W. Meyerding, MJ)., Rochester, Minnesota; 

Harr>- Piatt, F.R.CB. 

Subtalar Bone Block (.Arthrorisis) for Certain Types of Flat Feet. .A X'ew Operative Procedure. 

C. J. Basile, M J)., Baltimore. Marj’land (by invitation) ; 

W . L. Waldrop. ).I.D., Baltimore, Maryland (by invitation) ; 

.Allen F. Voshell, MJ)., Baltimore. MarjJand; 

Moses Gellman, )I.D., Baltimore. )Iar>’land (by invitation). 

Discussion: Frank D. Dickson, iI.D., Kansas Citj-, Missouri; 

Oscar L. Miller, )I.D., Charlotte, Xorth Carolina; 

H. Relton McCarroll, M.D.. St. Louis. Missouri ; 

Robert I. Harris, M.B., Toronto, Ontario, Canada ; 

-Allen F. Voshell. MJ).; 

C. J. Basile, )I J). 
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Fraclure-Dislocatiou of the Ankle with Fixed Displacement of Fibula behind the Tibia. 
David M. Bosworth, M.D., New York, N. Y. 

Discussion: Oscar L. Miller, M.D., Charlotte, North Carolina; 

Robert I. Harris, M.B., Toronto, Ontario, Canada. 

Medical Electronics; Electromyographic Studies of Muscle Action Currents. 

Nicholas S. Ransohoff, M.D., New York, N. Y. 

Discussion : Arthur Stcindler, M.D., Iowa City, Iowa, 


Satuudav, June 29 

Morning Session 

Symposium on the Complications of Old Fractures of the Neck of the Femur and Their Treatmen 
Philip D. Wilson, M.D., Now York, N. Y., Chairman. 

Complications of Fractures of the Neck of the Femur. 

Harold B. Boyd, M.D., Memphis, Tennessee; 

I. L. George, M.D., Memphis, Tennessee (by invitation). 

The Pathology of Uuunited Fractures of the Neck of the Femur. 

Dallas B. Phemistcr, M.D., Chicago, Illinois; 

Mary S. Sherman, M.D., Chicago, Illinois (by invitation). 

Results of Treatment of Old Fractures of the Nock of the Femur by Bone Grafting Combine 
with Internal Fixation. 

Robert I. Harris, M.B., Toronto, Ontario, Canatla. 

Non-Union in Fractures of the Neck of the Femur. Treatment by Sehanz Osteotomy. 

Walter P. Blount, M.D., Milwaukee, Wisconsin. 

Results of Treatment by the Whitman Reconstruction Operation. 

Arthur Krida, M.D., New York, N. Y. 

Arthrodesis of Hip for Ununited Fractures. 

A. Bruce Gill, M.D., Pluladolphia, Pennsydvania. 

Results of Treatment by Vitallium Mold Arthroplasty. 

M. N. Smith-Petersen, M.D., Boston, Massachusetts; 

William A. Law, M.B., Liverpool, England (bj’’ invitation). 

Results of Treatment by Trochanteric Arthroplasty. 

Philip D. Wilson, M.D., New York, N. Y. 

Hexagonal Method of Osteotomy. 

James Dickson, M.D., Cleveland, Ohio. 

Discussion; Harry Platt, F.R.C.S., Manchester, England; 

Carl E. Badgley, M.D., Ann Arbor, Michigan ; 

Paul C. Colonna, M.D., Philadelphia, Pennsylvania; 

W. W. Plummer, M.D., Buffalo, New York; 

Harold B. Boyd, M.D.; 

Mary S. Sherman, M.D.; 

Walter P. Blount, M.D.; 

Philip D. Wilson, M.D. 

On Friday evening, June 28, the Annual Association Banquet was held, and on Thursday and Satur- 
day, at noon, there were Executive Sessions. 

LeRoy C. Abbott, M.D., San Francisco, California, is President of the Association for the coming 
year. 

Officers, members to committees, and new members were elected, as follows: 

Officers 

President-Elect: Robert I. Harris, M.B., Toronto, Ontario, Canada; 

Vice-President; Harold R. Conn, MJ)., Akron, Ohio; 

Secretary: C. Leslie Mitchell, M.D., Detroit, Michigan; 

Treasurer: Frank D. Dickson, M.D., Kansas City, Missouri. 

Committee Members 

Membership Committee: 

A. R. Shands, Jr., M.D., Wilmington, Delaware (for the unexpired term of 
Guy A. Leadbetter, deceased) ; 

William T. Green, M.D., Boston, Massachusetts. 

Program Committee: Robert V. Funsten, M.D., Charlottesville, Virginia. 

Research Committee: Halford Hallock, M.D., New York, N. Y. 
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Representatives 

■ Americau College of Surgeons: William E. Gallie, MX)., Toronto, Ontario, Canada. 
American Board of Orthopaedic Surgery: Fremont A. Chandler, M.D., Chicago, 
Illinois (Clarence H. Hoyman, MX)., Cleveland, Ohio, Alternate). 

Xew Members 

Rufus H. Alldredge, MX)., Is'ew Orleans, Louisiana; 

Lenox D. Baker, MX)., Durham, North Carolina; 

George 0. Eaton, MX)., Baltimore, Maryland; 

John A. Heberling, MX)., Pittsburgh, Pennsj-lvania ; 

RajTuond E. Lenliard, MX)., Baltimore, Maryland; 

William M. Roberts, MX)., Gastonia, North Carolina; 

Walter G. Stuck, MX)., San Antonio, Texas. 


CHARLTON WALLACE 
1872-1946 

Among the many orthopaedic surgeons in New York City who have contributed to the betterment 
of the specialty. Dr. Charlton Wallace deserves more than passing notice. A native of Kentucky, Dr. 
Wallace possessed much of the social charm so commonly associated with the southern gentleman of 
the old school. His medical degree was obtained from the College of Physicians and Surgeons, Columbia 
University, in 1898. The respect in which his classmates held him was shown when they elected him as 
permanent president of his class. 

Dr. Wallace’s training in the special branch of surgery which he followed was received, for the most 
part, at the Hospital for the Ruptured and Crippled, where he serv'ed first as assistant and later became 
Attending Orthopaedic Surgeon. He was also on the staffs of the Polyclinic Hospital, New York City, 
and St. Agnes Hospital, White Plains, New York. BUs prime interest was in crippled children, and he 
devoted his life to them. 

From 1905 to 1913 he was Orthopaedic Surgeon in charge of the East Side Free School for Crippled 
Children. In the early part of his career, he was in charge of experimental work in orthopaedics at 
Sea View Hospital. He was instrumental in establishing the Neponsit Beach Hospital for Children, 
Rockaway Beach. He was surgeon in charge of establishing the St. Charles Hospital for Crippled Chil- 
dren, Port Jefferson, Long Island, and was Chief Surgeon from 1907 to 1920. As a result of his interest 
in the rehabilitation of those disabled through industry and accidents, he was a member of the staff of 
the Reconstruction Hospital in New York from 1918 to 1923. Since 1929, he had been Surgeon-in-Chief 
of the New York State Reconstruction Home, West Haverstraw, an institution which he had helped to 
plan for the betterment of crippled children. He was Professor of Orthopaedic Surgery at Cornell 
University Medical College from 1913 to 1935. 

Dr. Wallace died at his home in Chappaqua, New York, on August 16, 1946. 

At the time of his death, he was Professor of Orthopaedic Surgeiy, New York Polyclinic Medical 
School and Hospital; and Consulting Orthopaedic Surgeon at the Hospital for Special Surgery, St. 
Charles Hospital for Crippled Children, St. Agnes Hospital, and Stamford Hospital in Stamford, Con- 
necticut. He was a member of the New York Academy of iMedicine, a Diplomate of The American 
Board of Orthopaedic Surgerj', and a Fellow of the American College of Surgeons and of The American 
Academy of Orthopaedic Surgeons. He had been active as a member of The .\merican Orthopaedic 
Association since 1907, but for the past few years was an Emeritus Member. 
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ROYAL WHITMAN 
1857-191G 


Royal Whilnian was bom in Pori land, Maim*, on Octola-r 2-1, 1857. IIo rocoived Id.s dc'^rcc' of Doctor 
of Medicine from Harvard iMedical School in 1882, anti for u while he itraclix’d in lio.slon. He was a 
charter member of the Tavern Chib in Hoslon. Ht' wtmt to New York in 1889 and became as.-;ociatC(l 
with Dr. Virgil P. C.ibney, at the Hospital for the Ruptured and Crippled. The a.-^.'ocialion with this 
Hospital continued until 1929 when, after forty years of continuous .service, he retired from both ho.spital 
and private practice. Ho moved to lOnglaml, where lie remained for about thirteen years, returning to 
his own country in 1913. 

Pie died in New York Chty on .\ugu.st 19, 19-lG. Three days before his death he received an invitation 
to represent this country, as a guest of the French Covernment, at a meeting to celelirate the one hun- 
dredth anniversary of the founding of the French Academy of Surgery. 

Dr. 'Whitman was a member of many medical organizations both here and abroad, but he valued 
most his Fellowship in the Royal College of Surgeons, and his member.ship in The .American Ortho- 
paedic Association, of which he was Pre.-'ident in 1895. 

He was an indefatigable worker. His was the oiiinion that, in orthopaedic.s, the out-patient depart- 
ment or clinic was an indisiien.-able and integral part of the Sendee. The patients were seen first in the 
out-patient department and, after their stay in the Hospital for operative or non- 0 |)crativc treatment, 
returned to it for follow-uii care or observation. This unit of service inchuled both indoor and dis- 
pensaiy care. Plence, he, as well as all of his a.-sociates, attended the out-patient clinic. The clinic hours 
ran from one to three in the afternoon and so (irompt was his arrival that watches could be set at one 
o’clock when he entered the Plospital. He had little patience with an a.-si.stant who came late or offered 
excuses for irregular attendance. In this, as in so many other rcs))ects, he set his a.-^si.'tants an excellent 
example. 

Dr. IVhitman loved orthopaedic surgery and sought continuously and zealously to advance it. To 
those who .saw him ami worked with him four or five days a week, ho .--eeincd to bo thinking of nothing 
but orthopaedics. During a lull in clinic work in the afternoons the subject discu.'’sed was never art. 
literature, mu.sic, or politics, but always orthopaedic .Mirgery, — a difficult ca.'O for diagnosis, surgical 
technique, mechanical or surgical iirinciplos, or orthopaedic literature. Dr. M’hitman read cxtonsivel.v 
and was thoroughly informed on the orthoiiacdic literature in English, French, and German; he ex- 
pected all of his a.<sociates to be equall}' well informed and up to date, so that discu.sMons, which wore 
very frequent, would be most fruitful and thought-provoking. 

Dr. "Whitman was a profound student of orthopaedic surgery, a pioneer, and a pathfinder. He was 
always trying out new procedures. — either tho.se he initiated or those .suggested by others. He had an 
insatiable curiosity about the pathogenesis of orthopaeilic diseases and deformities, and an imagination 
which led him continuously to seek new methods of manipulative or surgical correction of musculo- 
skeletal defects. He was his own sternest critic and never reported favorably upon any technique or 
procedure until he himself was thoroughly convinced of its usefulness. When he became convinced of 
the value of any treatment, he would, through addresses or medical essays, hammer away at the pro- 
fession until his opinion was accepted. 

Despite his intense interest in operatii-e surgery, he never oi'erlooked the opportunities and advan- 
tages of manipulative treatment or the manual correction of deformities, of which he was a master. 
Although short of stature and thin, he man 3 " times surprised his jmung and more vigorous assistants by 
the rapidity and ease with which he would correct a resistant deformitj" over which thc.v had labored 
ineffectually. In the days when the use of great manual force was condoned in the correction of a club 
foot or the reduction of a congenital dislocation of the hip, he e.xhibited remarkable dexterit.v and 
strength in overcoming manually the resistance of contracted tissues and overcorrecting a deformitjx 

Dr. Whitman was particularly insistent upon a thorough knowledge of mechanical principles, the 
palholog.v of deformities, and the observance of these in therapeusis. Braces to him were intended for 
the support of the trunk or limbs, and not for the correction of deformities. First an equinovarus of the 
foot, a flexion at the hip or the knee, or a rigid fiat foot had to be corrected ; then, and then onl.y, might 
the surgeon applj^ a brace. Woe to the assistant who did not obey this rule! 

Dr. Whitman was truly a master surgeon. He was second to none in speed, dexterity, thoroughness, 
and careful handling of tissues. He religiously avoided undue or excessive trauma, and was ever mind- 
ful of the fact that the recoveiy of tissues operated upon depended directl.v upon the gentleness with 
which the.y were treated. “Treat the tissues lovinglj'” was the unwritten but ever-present motto of the 
amphitheater. Two factors contributed outstandinglj’- to Dr. Whitman’s ease and speed at the operating 
table. He was an excellent anatomist and, through hints dropped here and there, it was evident that he 



ROYAL WHITMAN' 


891 



ROYAL WHITAJAX 


kept i'e\ iewing anatomj’; second, on the day before an operation he eontinuouslj' reviewed what he 
contemplated doing, and hence he came to the operating table with a definite plan of pi'ocedure. He 
avoided complicated operations, believing that the goal could be attained through simple measures. 
He always avoided multiple operations at one session, on the basis that the usual orthopaedic operation 
was rarely an emergency procedure, and that the end result would be better if he used several simple 
separate operations. 

He taught orthopaedic surgeiy for forty years, both at the College of Physicians and Surgeons of 
Columbia University and at the Hospital for the Ruptured and Crippled. His love for orthopaedic 
surger>' made him a most generous teacher, who sought to transmit his experiences and information to 
whoever showed an interest and would listen. His method of teaching was not always a placid procedure. 
He often used the difficult, and not always agreeable, method of sarcastic criticism. This at times was 
vexing. His students, however, soon recognized the light in his eyes and the smile on his lips, and knew 
that there was no malice in the sarcasm. He meant only to emphasize indelibly some point in observa- 
tion, diagnosis, or surgical technique. To the less understanding students and visitors, this pedagogic 
method was disconcerting. Those who knew Dr. "Whitman well, however, realized that when he was 
sarcastic he would teach much. 

As an investigator and teacher. Dr. "Whitman was imdoubtedlj- one of the great contributors to the 
advancement of orthopaedic surgerj- in our countiw'- His text book on orthopaedic surgerj- is a classic. 
Dr. hitman contributed a great many essays on orthopaedic problems. These were published in 
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English, buL often were translated or abstracted in foreign languages, so tluit liis teachings went to every 
corner of the world and to all medical circles. Dr. Whitman originated several methods of treatment, 
which have been universally acknowledged and adopted as classical procedures in orthopaedic surgery. 
He initiated the abduction treatment for fractures at the hip. Ilis insistence on a method which created 
the opportunity for repair of a fractured hip gave the impetus to extensive clinical research and to the 
splendid progress which has been made in the last two decafles in the management of fractures at the hip. 
He devised the operation of astragalectomy and backward displacement of the foot for paralytic cal- 
caneus, — an operation which formerly was generally accepted for stabilization of the paralytic calcaneus 
foot. Dr. Whitman’s exhaustive studies on flat or weak feet led to the establishment of a most effective 
system of treatment, including the use of the Whitman foot brace. His contributions to orthopaedic 
surgery become incalculable when one contemplates the many jdiysicians whom he instructed and in- 
ducted into productive orthopaedic surgery. 

In the death of Dr. Royal Whitman, orthopaedic surgery has lost an ardent and profound student, 
a splendid teacher, and a master surgeon. His legacy to his students is a love for orthopaedic surgery, 
devotion to the physically handicapped, and a determination to cure the cripple. 


HERBERT ALTON DURHAhl 
1884-1946 

Dr. Herbert Alton Durham died suddenly at Shreveport, Louisiana, on March 13, 1946, at the age 
of sixty-two. He was Surgeon-in-Chief of the Shriners’ Hospital in Shreveport and an outstanding 
orthopaedic surgeon. Dr. Durham spent his boyhood on a farm in Vermont and received the degrees of 
A.B. in 1905 and M.D. in 1909 from the University of Vermont. After serving a general internship, he 
became a resident at the New York Orthopaedic Hospital. Dr. Russell H. Hibbs was Chief Surgeon of 
the Hospital at that time, and had just announced his operation for spine fusion. He was impressed by 
Durham’s ability and, at the completion of his residency, sent him abroad on a travelling fellowship. 
The greater part of the year was spent in England under Sir Robert Jones, and in Austria and Germany. 

With the onset of the first World War in 1914, he returned to New York and became a member of 
the staff of the New York Orthopaedic Hospital. When the United States entered the War, Durham was 
at once commissioned in the Army and went to England with the first contingent of orthopaedic sur- 
geons under the leadership of Dr. Joel E. Goldthwait. Durham served under Sir Robert in a British 
Military Hospital until the end of the War, when he again returned to the New York Orthopaedic 
Hospital, this time as an Attending Surgeon. 

In 1923 he was appointed Surgeon-in-Chief of the Shriners’ Hospital at Shreveport, Louisiana, in 
which capacity he served until his death. He also was attending orthopaedic surgeon at the Highland, 
North Louisiana State, and Tri-State Sanitaria. He was an exceptionally skillful technician and a ca- 
pable mechanic. These qualities, combined with a sound surgical judgment, accounted for his great 
success and his high reputation. He devised an apparatus for leg lengthening, an operation for correction 
of internal rotation of the hip in spastic paralysis, and a technique for transplantation of the biceps 
femoris. 

He was a member of The American Academy of Orthopaedic Surgeons and of the American Medical 
Association, a Fellow of the American College of Surgeons, and a member of the Clinical Orthopaedic 
Society and of the Eastern State Orthopaedic Club. He was an out-of-doors man and got his recreation 
by shooting, riding, and golf. 

He is survived by his wife, Beatrice Anderson Durham, to whom he was married in England in 1918, 
and by two children, Lieutenant Herbert A. Durham, Jr., of the Army Air Force, and Mrs. Harry V. 
'^'’scom of Shreveport. 
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Hujr.\N- Emduyoloqy. Bradley M. Patten, PhX). Philadelphia, The Blakiston Company, 1946. S7.00. 

This monumental work of scientific scholarship, by the distinguished Professor of Anatomy in the 
University of Michigan Medical School, is a complement and sequel to his previously published and 
well-known volumes on the embrj-ologj' of the chick and of the pig. Not only is the text authoritative 
and final, but it is richly illustrated with drawings and photographs, mostly original, made by the 
author or under his supervision, of which fifty-three are in color. There is an elaborate bibliography of 
over one thousand titles. 

Especial attention is devoted to the circulatorj' and nervous systems, upon which Dr. Patten has 
done much original research. The book is a model of lucid exposition, including rvithin compact limits 
the essence and details of so vast and complex a subject. It is a masterpiece, — a memorable contribution 
to the knowledge of human embrj-ology. 

Extorses du cou-de-pied et extorses du gexou. Ixtroductiox .\ l’etude de L’.rRTHROcarpHiE (Sprains of 

the Ankle and Sprains of the Knee. Introduction to the Study of Arthrograplo*). L. Leger et 

C. Olivier. Paris, Masson et C', 1945. 200 francs. 

During our modern ways of living — with war, sports, and increasing numbers of youth organiza- 
tions — sprains of the joints are becoming more and more frequent, and the majority of them occur in 
the ankle and the knee joint. Their diversity is verj' great; their study, although begun several centuries 
ago, has always left the practitioner at a loss, not only about their classification, but especially about 
their treatment. One of the merits of this book lies in the fact that Leger and Olivier have observed a 
great many such sprains and have been especially interested in their surgical treatment. The main 
features of the publication are those which characterize a French mind, — clearness, logic, and the 
didactic spirit. Its value is increased by the completeness of the study. 

In the first chapter the authors study sprains of the ankle, with which, of course, thej' include the 
tarsus. They review consecutively the macroscopic and microscopic pathologj’, the pbysiopathology, 
etiologj', mechanism, clinical studj', complications, diagnosis, evolution, and treatment. One of the main 
features of this chapter is a very complete study of the ideas of Leriche, which have been prevalent 
during the last few years. The authors have reduced them to their just proportion, and have come to 
the conclusion that the anatomical findings prove the frequent presence — if not the constant presence — 
of macroscopic lesions in the ligaments going from the elongation to the disinsertion, with or without 
partial or complete rupture. They describe the various treatments in detail, — the physiotherapeutic 
procedures; the various bandages, which are amply illustrated; the treatment bj' novocain injection; 
the importance of relative immobilization; and the various surgical interventions, about which they 
show some skepticism. The sequelae of this type of sprain are described, — namely, laxity of the liga- 
ments, diastasis, chronic arthritis, painful osteoporosis, and posttraumatic ossification. 

The authors adopt the same plan in discussing sprains of the knee joint. Their stud 3 - of the relative 
frequencj' of lesions of the lateral ligaments and the cruciate ligaments is verj' detailed, but in this chap- 
ter a most extensive and personal studj^ is made of arthrographj'. .Although the authors make a very 
judicious evaluation of the different non-surgical treatments — the infiltration of novocain, which thej^ 
consider as a symptomatic treatment, immobilization, and phj’siotherapj' — they give to surgical proce- 
dures the most important value. • 

Afore than fifty pages are devoted to “old sprains”. The reader’s attention is directed toward the 
diagnosis and surgical treatment of “unstable knees”, and the authors review the different tjqjes of 
tenoplasty and tendon replacement, mentioning, among others, the names of Hey Groves, Afauck, and 
Bermett. Under “painful knees” is included a discussion of Pellegrini’s disease. Chronic arthritis and 
traumatic lipo-arthritis are also considered. In this chapter the authors show a verj- marked tendency 
toward surgeiy. 

This book does not include a statistical study or a bibliography, but it is so clear and practical that it 
will be read with interest not only by orthopaedic surgeons, but also by the general practitioner. 

AIedic.\l Educ.\tiox axd the Chaxgixg Order. Raymond B. .Allen, AI.D., Ph.D. New A'ork, The Com- 
monwealth Fund, 1946. 8150. 

The Challenge to Aledical Education is the title of the first chapter of this small volume. In it the 
author, who is Executive Dean of the Colleges of Dentistrj', Aledicine, and Pharmacy at the Universitj- 
of Illinois, makes many interesting general observations: 

“The study of medicine . . . must embrace the study of life in all its aspects— ph 3 *sical. ps 3 -cho- 
logical, and social.” 

“Changes in medical education in this country reflect changing cultural, scientific, social, economic, 
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aud political conclilions and follow an cvolnl ionary — rallicr (lian a revolutionary — piittorn tyjMcal of 
American institutions generally. The current i)rol)lcin i.s to identify, .strengthen, and .secure the wider 
acceptance and application of those trend.s in medical educjition and medical science which best serve 
the needs of the iieoi)le.” 

“Medical education, like medical science, is an e.vperimentiil art de|)endent wholly for .-uccess on 
the learning, skills, imagination, re.sourcefuhie.s.s, integrity, and courage of individuals.” 

The historical background and found.ations of medical education are di.scu.s.scd at length. In order 
are con.sidered the proi)aralion for the study of medicine, the e.ssenlial factors in undergraduate medical 
education and in graduate study, the problems in medical education, .and opinions about their .solution. 

The author makes a i)lea for the adequate .sui)p()rl of medical education and research. He jioints out, 
too, the responsibilitj" of American medicine in tomorrow's world: “d’he hopeful and talented of many 
lands will need and want o])i)orlunilies to study in our universities; we must make this jro.ssible to the 
limit of our resources. e must help, loo, in the ree.sl.ablishment of our sister institutions in war-r.avagcd 
countries — particularly of their librarie.s. W(> must without stint i)ay our debt to the .scholarshi)), .M.aence, 
and humanism of ]‘]uroi)e without which there would be no western civilization. U'c .should not deny this 
obligation because a mi.sguided few have allowed their .science and .scholar.shi]) to serve the ends of 
tyranny. The medicine, science, and scholarship of tomorrow’s world must forever be free to servo the 
peaceful needs of all mankind." 

This i.s one of th(> monograi)h.s i.s.siied by the Committee on Medicine and the Changing Order of 
the New \ork Academy of Medicine. It is well written and merits a wide reading. 

M.vnu.vl of Di.\g.\o.sis .\.N-n M.vn.uuc.mk.nt of I’i;iui*iii:iaL Xiuivi-; I.v.ruitms. Robert Groff. M.D., and 

Sara Jane Houtz, B.S. Philadel])hia, J. B. Lippincolt Comi)any, 1915. SG.OO. 

This book represents an amazing feat on the part of the authors, since it w.as written during a period 
of intensive clinical activit 3 ’' at the worst i)eriod of the j'car — the mon.'oon season — in Burma. The.v 
were presumabl.v attemiding to ha\'e available for the Military Seiadces, in time for the c.\'iiected inva- 
sion of Jujoan, a useful guide in methods of c.xamination of i)ciipheral-ner\’e injuries. The unforeseen 
end of World B’ar II must ha\'c made them wonder if publication of the work was warranted, but 
whatever its current usefulness ma.v bo. it forms an impre.s.sive testimonial to their industiy under 
adverse circumstances. 

Nearl.v half of the book is devoted to a series of diagrams, indicating the proper method of 
examination of most of the voluntaiy muscles of the bod.v. This is the most u.-eful part of the volume; 
it represents an extension of tlie series of pictures published bj' the Medical Research Council of Great 
Britain under the title of “.Aids to the Investigation of Peripheral Nerve Injuries”, and includes more 
of the musculature. It is not surprising that the authors, engaged as the.v were in the practical problems 
of treating wounded soldiers, placed such emphasis on teaching their personnel exact l.v how to e.xamine 
muscle strength. When a more leisurel.v and definitive x'olume on peripheral-nerve injuries appears, 
incorporating all of the lessons learned in this AVar, it is to be hoped that it will include pictures, 
illustrating examinations of specific muscles, as complete as those in this book and as clear as those in 
the pamphlet of the Medical Research Council. 

The authors have discussed onB^ briefl.v the value of the various methods of electrodiagnosis .and of 
management of peripheral-nerve injuries, proposed during World War II, realizing that onl.v after 
follow-up studies have been completed on the thousands of cases handled can the true end results be 
determined. 

They do advocate one obsolete procedure, to which their attention should be drawn. On page 57 
they state that the inferior cervical ganglion and the upper two thoracic s.vmpathetic ganglia are re- 
moved for causalgic pain in the upper extremity. It has long since been shown b}’’ J. C. AAdiite that this 
postganglionic sympathectomy (which unnecessariR'^ denervates the head as well, and produces a Horner’s 
s 3 mdrome) should be abandoned in favor of a preganglionic operation, with division of the sym- 
pathetic trunk below the third thoracic ganglion and of the rami communicantes to the second and 
third thoracic ganglia. 

The American Hospital. E. H. L. Corwin, Ph.D. New York, The Commonwealth Fund, 1946. SI .50. 

This monograph is one of a series of studies issued under the auspices of the Committee on Medi- 
cine and the Changing Order of the New York Academy of Medicine. In its 226 pages there is an 
abundance of infoi’mation about the American hospital, past and present, with the trends indicating the 
pattern for the future. Prom the small beginning of 178 hospitals (146,472 patients) in 1873, when the 
first list of hospitals in the United States was compiled, the number had grown in 1943 to 4,655 (15,374,698 
patients), with corresponding increases in ph 3 ’sical assets and capital investment. The greatest single 
impetus to hospital growth was the evolution of surgery; in 1942, 44.7 per cent, of hospital patients were 
surgical cases. 

Among the topics discussed are the t 3 ^pes of hospitals, with the general hospital constituting the 
largest group; the financial structure; hospital planning and construction; and the distribution and 
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iitili?ation of ho-pital- A thaptoi i' (lo\otcd to the Outpatient Depaitment, which has siipeisedecl the 
lii'peii'in Tills Depailiiiciit. wIirIi icachcs as mam patients as does tlie hospital, affoids the best 
oppoituiiit\ toi the piaitue ol picientne meditine In gencial, it- laliie as an educational medium has 
not liccn Inlh icilued The impoitaiue of the hospital as a teaching centei and the pioblem of the 
(.hioiiR ilh ill aie al'O sticsscd 

In the tlo'iug chapter, Rctio-pect and Piospect, the eutiie \ohinie is fully summarized, with biief 
comment on the manv pha-cs pioiiouslv discu'-ed 

The iinpoitante of the ho'pital in the health of the comnuinitj and as a training centei, unclei 
changing conditions which aie paitlj the icsult of the Wai. makes this book of calue to those mteie-ted 
m the field of medicine and the caic of the sick 

Lv iNMOMLizcciON LNiLsvDC Su TLCMr\ 1 sLs u>uc\cioNE3 (Plaster Immobilization Its Techmciue 
and Its Uses) Xino Valentin Zucchi Bueno- Aites, “El A/eneo”, 1945. 

Till- \olume cIcdRated to the mcmoiy of Vittoiio Putti, seeks to show how to use plastei-of-Paiis 
bandigcs in the ticatinent of di-abilities in all paits of the bodv The author, from his expenence in 
the Traiiniatological Institute in Montccidco, Uiugu.ay, feel- that its use is not well known and that 
casts aie fiequenth applied badly, to the harm of the patients kfter discii-sing its discoceiy by 
jMathij-en and the cheini-tiy of anludrous calcium sullate, the authoi desciibes many types of appaiatus 
designed to facilitate the making of pla-ter ca-ts for diffcient paits of the body 

Numerous excellent illu-tiations aie gi\en; one, in paiticular, shows the aieas of the body winch 
should be padded when pla-tei casts aie applied The teclinique of appl.iing edging, stiaps, and buckles 
13 well de-ciibed Patterns for making special pla-ter molds for the facial bones and other special parts 
ot the bodv aie shown 

This 1- a complete tieatisc on plaster application It is modeled on the oldei European texts, and 
leiuinds one of Calot’s treatise It is fai moie adecpiate in its tieatment and illustrations than is anv 
extant tieati-e in English One can recommend it as a helpful text to anyone who uses plaster-of-Paris 
casts 

A Complete Outline of Trictcbes, Incllding Erxcturls of the Skull J Grant Bonnin, MB, 
F R C S Ed 2 London, William Heinemann Ltd 1946 30 shillings 

This Is a straightforward, sjstematic, compiehensixe, and well-illustrated book It will be u-eful to 
the surgeon, especially the occasional surgeon but it is piobablv presented in too much detail for most 
students In general the book is up-to-date The authoi is wise in not being one season ahead of the 
fashion He commendablv acoids that mi-leading dogmatism and confident o\ erstatement which haxe 
marred moie than one gieat book on fractuies He has chosen a plastic surgeon, who speaLs with 
authoritc on maxillofacial injunes, to wiite the chaptei on fiactuies of the face and jaws 

■k BiBLiocnrpHT OF Infantile PiraltsIS, 1789-1944 Edited by Moms Fishbein, MD ; compiled by 
Lud\ ig Hektoen, M D , and Ella M Salmonsen Philadelphia, J B Lippincott Companj , 1946 
S15 00 

This bibliography, prepaied undei the diiection of the National Foundation foi Infantile Paial3sis, 
traces the literature on poliomj elitis back to 1789, when the disease A\as first described The lefeiences 
aie arianged thionologicaliy , as would be expected, the piepondeiance of the Avork on this subject has 
been published in the last ten jeais As explained m the Preface, much of the foieign liteiature of the 
past few xears is not j'et axailable, so that a supplement to the bibhogiaphj is planned to take care of 
these refeiences 

The Aolume contains more than 8000 refeiences to publications on infantile parahsis Since a shoit 
abstract of the article is included in mo-t instances, the book aaiII be inxaluable to the worker in this 
field In addition, a detailed, carefulR' prepaied subject index, as Acell as an index of authors, adds im- 
measuiablj to the Aalue of the Aolume It is a fine piece of woik, which will hare extensile usefulness 

Medical Seraices ba Goa-ernment Local, State, and Federal Bernhard J Stein, PhD New York, 
The CommonAAealth Fund, 1946 8150 

This book repiesents one of the studies undertaken bj the Committee on Medicine and the Chang- 
ing Oidei of the Neiv A’ork Academj^ of Medicine It contains a wealth of factual data on the extent 
of medical caie as proAided bj local community', state, and Federal Goieinment 

The deielopment of this seiAice has been gradual In the early days of the Colonie- and of the 
Initod States, the care of the indigent sick was assumed bx Aoluntai-y pniate philanthropi As State- 
weie oiganized, they assumed this lesponsibihty Alany of the state laws were based on the Elizabethan 
pool law- The fiist hospital- in the United States were lealh infiimaiies in poorhouses The dexelop- 
ment of town oi city', countA', and state institutions preceded the establishment of Goa ernment-con- 
ti oiled in-titutions 

The United States Maiine Ho-pitals lepiesent the oldest xentuie of the Ucderal GoAeinraent in 
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Ihe field of medical care, and their operation was the initial function of tlie Public Ilealtli Service. Official 
Public Health Services concerned with the control and prevention of di.sea.se have developed through- 
out the years as a separate type of Government service. 

New patterns of medical care are now being formulated, and the role of local, state, and Federal 
governments in the field is shifting. Dr. Stern traces these developments and indicates the changing 
emphasis and changing points of view concerning the relative responsibilities of the' local community, 
the state government, and the Federal Government. 

The recent wartime activities of the Federal Government have further extended Government medi- 
cal services. The book closes with a summaiy of the medical services to veterans. 

Occupational Therapy for tih: Limoless. Phyllis Lyttleton, C.S.P., M.A.O.T. London, II. K. Lewis and 

Companj'-, Ltd., 1916. 3 shillings. 

This pamphlet of forty pages is an appeal for symjiathclic understanding of the problems of the 
amputee. The author was an occupational therapist in one of the hospitals of the Ministi-y of Pensions, 
to which came patients “who had lost one arm, one leg, both hand.s, both leg.s, and [with] all possible 
combinations of these disabilities”. She reports her experiences in adapting crafts for these patients, 
which were useful not only as therapy and to help pass the months of waiting until their prostheses were 
fitted, but also in building their hopes for the future. 

The psychological approach to these patients is most important and is emphasized throughout the 
book. The author feels that the intelligent, sympathetic occupational therapist can make a real contribu- 
tion to the reeducation of these patients, mentally as well as physically. 

Demonstrations of Oper-itive Surgery for Nurses. Hamilton Bailey, F.R.C.S. Baltimore, The Wil- 
liams and Wilkins Company, 1945. S3.50. 

Practical demonstrations for student nurses were the basis of this excellent textbook. It will be 
especially interesting to those of the nursing profession who wish to excel in the technique and skill of 
work with surgeons. Any nurse would benefit by using this book as a reference, for it includes detailed 
descriptions of many operations; every operating-room nurse should include it in her professional librarj'. 

The illustrations are excellent and vividb’ portray most major operative procedures. 

Curare — Intocostrin. New York, E. R. Squibb and Soils, 1916. 

This volume consists of a well-constructed collection of recent articles on curare. The subject mat- 
ter includes fundamental research in the chemistry and pharmacology of the drug, and its therapeutic 
and clinical contributions. As an exhaustive reference source, this book will serve a vei'y useful purpose, 
especially in light of the increased interest in the clinical applications of curare. No editorial opinion 
is expressed in relation to the collection of articles. In the form of an appendix, however, an attempt 
is made to correlate accepted experimental data on curare with the recent concepts of neuromuscular 
conduction. This discussion should prove of great interest to the clinician, but is, of course, large!}' 
speculative in approach. 

On the Different Types of Intracapsular Fractures of the Femoral Neck. A Surgical Investigation 

OP THE Origin, Tre.atmbnt, Prognosis and Complic.itions in 365 Cases. Per Linton. Acta Chinir- 

gica Scandinavica, 90 : Supplementum 86, 1944. 

In a series of 365 fractures of the neck of the femur, 200 were followed in detail and seventeen were 
reported without roentgenograms. The mechanism of causation and the significance of abduction, inter- 
mediate, and adduction fractures are discussed. It is concluded that the determining factors were the 
force of the blow and the strength of the skeleton. Variation in direction apparently had little effect. 
The fractures differ more in degree of dislocation than in type. 

Abduction fractures are frequently stable. The writer avoids the use of the term “impaction” and 
substitutes “stability”, because of the pitfalls in undertreating these fractures. He recommends nailing 
abduction fractures, if there is any doubt of their stability. 

The significance of the obliquity of the fracture line is discussed in great detail. Accurate methods 
of determination of the angle are necessary. Obliquity alone is not a conclusive factor in indicating a 
poor prognosis. Combined with too horizontal a position of the nail or a posterior defect, increased 
obliquity is associated with non-union in a significantly increased number of cases. The greatest factor 
in producing poor results is increased age. 

The frequency of aseptic necrosis of the femoral head is greater in the fractures with pronounced 
displacement. In a comparative series in which multiple small nails were used, the frequency of aseptic 
necrosis was apparently less. 

Four cases of subtrochanteric osteotomy, simultaneous with the reduction and fixation, are recorded. 
In two additional cases, an osteotomy was performed soon after the primary reduction and nailing. In 
all of these cases, a cast was applied to maintain the position of the osteotomy; the cast was the chief 
objection to the method. The results were good. The total frequency of union, in cases nailed according 
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to the method of Smith-Peterseu and Johansson, was S3.6 per cent . — Walter P. Blount, M.D., Milwaukee, 
Wisconsin. 

REP.\n.\TivE Surgery of Compound B.sttle FR.\croBEs in the Mediterrine-an The.\ter of Oper-\tions. 
Oscar P. Hampton, Jr. Annals oj Surgery, 122: 2S0-332, 1945. 

This important article provides a comprehensive presentation of an organized plan for the surgical 
care of serious wounds. The program rests upon sound surgical principles, and the directions for its 
implementation are set forth. The paper is too comprehensive to be abstracted, but it should be read 
and studied by surgeons who deal with compound fractures. The author believes that, whatever the 
value of blood and penicillin may be as surgical adjuncts, further improvement in results probably 
depends upon perfection of surgery, for which there is no substitute.— Paul P. Swell, M.D., Bloomfield, 
Connecticut. 

A Comp.\r.\th-e Study of 100 FR.\CTnnE3 of the Sh.\ft of the Femue in Which One-H.vlf Were 
Tbe.\ted with Penicillin. Spencer A. Cotlom, Jr., and William McD. Ewing. Annah of Surgery, 
122: 773-792, 1945. 

Of a series of 100 consecutive fractures of the femur, eighty-two were compound fractures. These 
compounrl fractures were studied in groups, arranged according to the treatment. The ke 3 Tiote of the 
treatment is sounded in the following quotation from Churchill (Annals oj Surgery, 120: 26S, 1944): 
“A highly significant and far-reaching advance in militarj' surgerj’ has taken place in the base hospitals 
with the development of what may be called reparative surgery. Wounds left unsutured at the initial 
operation are routinelj’ closed bj' suture, usually at the time of the first dressing. With the use of' 
penicillin as a safeguard against infection, the management of wounds complicated bj' fracture or joint 
involvement has been revolutionized.” The present study substantiates the conclusion that, while 
penicillin and blood are valuable aids in preventing local and sj’stemic invasion bj' penicillin-sensiti%'e 
organisms, they are not a substitute for adequate surgerj'. The value of reparative surgerj' is em- 
phasized. This means secondary debridement and closure between the fifth and tenth daj's. The 
majoritj' of fractures of the femoral shaft could be realigned by skeletal traction, but internal fixation 
was performed when indicated and the results were satisfactory. The time required for bone healing 
varied in proportion to the duration of wound sepsis . — Paul P. Swell, MD., Bloomfield, Connecticut. 

The Use of Penichlin in the Tre.\tment of Acute Hem.jtogenous Osteomtelitis in Chhdren. Re- 
port of Twelve Consecutive Cases. Edward L. Compere, William J. Schnute, and Lee IM. Cattell. 
Annals oj Surgery, 122 : 954-962, 1945. 

Hematogenous osteomyelitis in children from the age of three up to puberty usuallj' originates in a 
skin lesion and is caused bj' hemolytic Staphylococcus aureus or Staphylococcus albus; this causes more 
bone damage than does the hemolj'tic streptococcus, which more often attacks children under tlie age of 
three. The sulfonamides have been shown to be useful in acute osteomj'elitis, but some patients are 
sensitive to these compounds and in others the organism may be sulfonamide-reastant. Subsequent 
surgery has been required in many patients who apparentlj' had been cured by the sulfonamides. In 
twelve consecutive patients, penicillin was successful; ten of these patients had been treated unsuccess- 
fully with sulfonamides. Surgery of a minor nature was required in only four of the twelve cases. It is 
thought that penicillin is more effective than anj’ other agent in acute osteomyelitis, but it must be 
emphasized that even its great value does not permit the omission of the well-established principles of 
medical and surgical care . — Paul P. Swell, M.D., Bloomfield, Connecticut. 

The P.\thogenesis of Loc.vlized Fibrous Lesions in the Met.u>byse3 of Long Bones. C. Howard 
Hatcher. Annals oj Surgery, 122; 1016-1030, 1945. 

In a careful study of forty-five patients with metaphyseal fibrous defects in the bones of the lower 
extremities, it was found that fourteen also had epiphyseal disorders. Spontaneous healing was the rule; 
surgical eradication was necessary for the relief of pain in a few cases. The evidence indicates that meta- 
physeal fibrous defects are not localized, as is commonly thought. While the primary causes are un- 
known, there is enough similarity between the metaphj'seal and the epiphj'seal lesions to suggest a com- 
mon pathogenesis . — Paul P. Swell, M.D., Bloomfield, Connecticut. 

Delayed Internal Fix.ation of Compound B.attle Fractures in the AIediierrane.an Theater of Oper- 
ations. A Follow-Up Study' in the Zone of Interior. Oscar P. Hampton, Jr. Annals oj Surgery, 
123: 1-26 and 23S-275, 1946. 

This is an extensive report of an end-result studj' of the use of delaj-ed internal fixation in compound 
battle fractures. It merits reading in its entirety. The article substantiates the conclusion that a place 
has been established for delayed internal fixation. Of 332 fractures treated in accordance with this well- 
formulated program, the maximum achier'able result Avas secured in 25S (77.2 per cent.). Complete fig- 
ures on the series are given in comprehensive tables . — Paul P. Swell, M.D., Bloomfield, Connecticut. 
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Tiik Incidence oe Comdlications in the Use ok Thanskixion Pins and W^ikes kou Skeletal Traction. 

Chiirle.s K. Kirby aiul Williaiii T. Filt.s, Jr. AiiiuiIk oj Sitrf/cr!/, 123: 27-31, ItMG. 

This is an enconraging rejiort on the n.<L' of Iran.sfixing ])in.s anti wires. Tliree hiiiulrctl and fortj^-two 
pins and wiro.s wore ii.^cd in the Irealinent. of 233 fracture.s of the long bone.s. Only one infection oc- 
curred, — an ineidenee of 0.33 iier cent. Even in tlii.s ea.'-e, neitlier osteoniyeliti.s nor a draining .siniLS de- 
veloped. There were a few minor eomidications, such as loo.sening, breaking, or slipiting, but in no 
instance did the.se occurrences have any significant effect uiion the course or the re.sult. — Paul P. Swell, 
M.D., Bloomfield, Couneclicul. 


The Immersion Foot Syndrome. C. C. Unglcy, Cl. D. Channell, and R. L. Richards. The BrilUi Journal 

of Surgery, 33: 17-31, 1945. 

This paper records the results of ca.-es treated during 1941 aiul 1942. “Iininersion foot” is stated to 
be a descriirtive, but inaccurate, term for a .syndrome iiroduced by e.xiio.'Urc of the e.Ktremitics to a de- 
gree of cold insuflicient to freeze the tis.sucs. 

There arc four stages in the typical case of immer.sion foot; the period of exiiosurc, and the jae- 
hjqieraemic, hyperaemic, and postliyperaemic stages. The feet are cold, numb, .swollen, and pulscle.ss 
during exposure and immediately afterward; this is bidieved to be due to intense va.soconstriction. The 
next stage is accomiianied bj’ intense hyperaemia, increa.-cd .-iwelling, and .-evere pain. The hyperaeniia 
decreases and the jiain and swelling are lessened during a ])erioil of from .-even to ten days after rescue. 
Due to damage to the peripheral neiA'es, disturbances in .'-en.^ation, .-.wealing, and muscular atrophy and 
paralysis then appear. 

After several weeks the feet become very .sensitive to cold and. if ex])o.sed to a low temperature, they 
may remain cold for several hours. Ilyiierhidrosis freriuently a])iiears with this stage, and occa.sionally 
blisters and gangrene. 

The prognosis depends upon the se\'erily of the damage. Rapid warming of the ti.-^sues is condemned. 
Cold therapy in the hyperaemic stage may give relief, but .should not be u.-ed earlier. Symiiathectoiny 
should not be used early, but may have its jilacc in the late cold-sensitive state. 

The authors consider in great detail the pathology and the methods of prevention and treatment. 
Accompanying the article are many excellent tables and illustrations. — Ernest M. Daland, M.D., Boston, 
Massachusetts. 


The Major Ami’Ut.\tion Stu.md i.\ Health and Di.se.vse. I’. G. St. Clair Strange. The British Journal 

oj Surgery. 33: 31-11, 1945. 

The ideal amputation stump is one that will allow the jiroper aiipliance to be worn without discom- i 
fort and without materially interfering with the patient’s economic existence. The itleal lengths are s 
stated as (1) below the knee, five and one-half inches from the joint line to the iioint of bone .section; 

(2) abo\e the knee, ten to twelve inches, measured from the tij) of the greater trochanter; (3) below the 
elbow, seven inches from the ti;) of the olecranon; and (4) above the elbow, eight inches from the tip of 
the olecranon with the arm at the side. 

The amputation stumii a.ssumes new jiliysiological duties, and these vary with the type of artificial 
limb. The author goes into great detail in considering this new ])hysiology. 

The following points are brought out in discussing the operative technique; 

1. Skin flaps should be cut so that they meet over the center of the stump without “dog ears”. 
There should be no redundanc.y in these flaps. 

2. The deep fascia should be maintained with the skin flap to ensure proper nerve suppl.v and 
lymphatic drainage. 

3. The bone and periosteum should be cut at the same level. 

4. The nerves should not be intoxicated with alcohol. 

5. Careful hemostasis should be accomplished. However, the author states that “drainage, even then, 
can rarely be dispensed with”. If there is sepsis when the drain is removed in forty-eight hours, the skin 
flaps are separated and laid back. 

Consideration is given to the guillotine amputation and the reamputation, where indicated. All such 
secondary amputations should be done through a clean field. The causes and the treatment of various 
affections are mentioned in some detail. — Ernest M. Daland, M.D., Boston, Massachusetts. 

Penicillin Treatment of Acute Haematcgenous Osteomyelitis. I. W. J. McAdam. The British Jour- 
nal of Surgery, 33: 167-172, 1945. 

The criteria of success in the use of any drug in acute osteomj^elitis are the control of the septi- 
caemia or pj-aemia and the control of the local infection, with the limiting of bone necrosis. A study of 
forty cases treated with penicillin indicates that this drug answers these criteria. There was but one death 
in the series, despite the fact that nineteen of these patients had staplyvlococcal septicaemia, nine had 
metastatic lesions, and ten had septic arthritis. 

In twenty-nine cases the penicillin was administered intramuscularbq but in eleven cases the intra- 
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meilullur route was eiuiiloynl. with a .-tenial-punetuie needle inserted into the metaphj-sis of the in- 
volved hone. This latter method provides a high local concentration of the drug, as well as a satisfac- 
toiy blood level. 

The operative treatment of this gioup was vciy conservative. Of thirty-two with infection of the 
long bones, only five had oiierativc treatment. Four of the.-e operations were performed early in the 
series, before the full value of conservative treatment was appreciated; and the surgeiy in the fifth ca.se 
was only incision and drainage of a soft-itarl absce.-.-'. — EniOtl M. Dalniid, M.D., Bo-stan, Massuchusclls. 

S.uico.M.v OF Tilt; MKT.tr.tiis.rr. Bo.nks. .V Bkief Bkvikw of Tin: LiTEiciTunE, with Oxe Per.sox.il Case. 
Ivor J. Thomas. The BrilBh .lnuoud oj Siiaicry. 33: 191-194, 1945. 

A case of chondrosarcoma of the first metatar.-al bone is presented. This tumor was .-aid to have 
appeared ten mouths after an injury to the foot. Treatment wa.s by amputation at the .site of election. 
The patient was well fourteen months after the operation. 

A review of the literature shows a .-mall number of tumors of this type in the metatar.sal bones. The 
reported rate of cure is about thirty-three per cent. — Eencsl M. Dnland, M.D., BoUnn, M (ts.-achii.sells. 

MET.rsT.rTic Osteomyelitis SEcoxu.utY to Thopical Ulcer. Margaret M. Shepherd. The Bdli.ih Journal 
oj Surgery, 33: 352-357. 1916. 

In eleven patients of a group of ninety-eight suffering from tropical sloughing phagedaena, ulcu.s 
tiopicum, or Xaga sore, metastatic le.-ions developed in the long bones remote from the ulcer. The cor- 
te.x of the diaphysis was involved, and all Ic.-ions healed spontaneously. 

A slight amount of pain and tendernc.-s u.sually called attention to the lesion, and roentgenograms 
verified it. Usually the tropical ulcer had been pre.-ent for two or more weeks before the onset of the 
pain, and occasionally the ulcer was entirely healed. 

Roontgenographically, the cortex showed decalcification, followed later by a deposit of new bone 
poriosteally, but never with much absorption of bone. There was no permanent di.sability. — Erne-sl M. 
Dnland, M.D., Boston, Massachw^ctt.i. 

Te.xdo.x Tr.axspl.i.xtatiox for R.ADi.tL PtRALYsis. R. B. Zachaiy. The BrilUh Journal oj Surgery, 33; 
35S-364. 1946. 

In a.'sessing the re.sults of tendon transplantation, the chief points to be evaluated are: (1) the range 
and power of extension of the fingers and thumb. (2) the range and power of wrist e.xtension. (3) the 
range and power of wrist flexion, and (4) the range of flexion of the fingers. 

The writer has .studied fifty-seven ca.^e.-. In twenty-four ca.-es. both the flexor carpi radialis and the 
flexor carpi ulnaris were transplanted into the extensors of the digits. AVhere the palmaris longu-s was 
absent, the re.sults were bad; but when it was pre.-ent, about half of the patients showed good results. 
In twentj’-nine patient.s only the flexor carpi ulnaris was transplanted, and 90 per cent, of these patients 
had good functional results. — Erne.Hl M. Daland, M.D., Boston, M assachusetts. 

Fr.\ctur.as del pir.amid.\l (Fr.\ctures of the Trlaxgulak Boxe). M. Riosalido. Cirngia del Aparato 
Locomotor, 2: 322-331, 1945. 

Fractures of the triangular bone are rare. The author collected thirty’ cases from the literature and 
adds six cases, personally observed. The condition is commonly associated with other carpal injuries. 
It is a fracture of compres.sion, usually caused by a fall upon the palm of the hand. Diagnoshs is not 
easy’ and depends upon the roentgenographic findings. Treatment consists of immobilization — effective, 
but not too rigorou.s — with a palmar .splint, for from twenty to twenty-five days, followed by physio- 
dierapy and exercise. 

In one case there was a tempoiaiy disturbance of the ulnar nerve. In anoth.er case pain persi.-ted, so 
that a support for the wrist was reciuired for work. Xonnal recovery occurred in the others. — John G. 
Kuhns, M.D., Boston, Massachu.sctts. 

PrIXCIPIOS TER.rPEUTICOS EX L.AS .ARTRITIS TR.U’ M VTIC.AS (ThER.APEUTIC PrIXCIPLES IX TR.\UM.yTIC 

Arthritis). Pablo Mendizabal. Cirug'ui y Cirujanos, 13: 157-178. 1945. 

This is a long, detailed article on the subject of traumatic arthritis. The anatomical and clinical con- 
ceptions of joint.-, as understood by the author, are given in -ome detail. The gross and microscopic 
pathology is given and the various ti.ssues are de-cribed. The abnormal physiology of joint changes and 
of synovial function is explained. The intimate relation between the bone -tnicture and circulation, espe- 
cially with regard to the small blood ves.sels. A’eins. and lymphatics, is stressed, and the importance of 
small alterations is pointed out. Numerous joints and the various types of traumatic involvement are 
discus.-ed. The author stresses the importance to joint function of the patient’s general health and 
constitutional factors. Various mechanisms of trauma are given, and eighteen types of injuries to the 
joint are enumerated. These vary from severe external violence to minor repeated injuries. 

The various types of therapy used in arthritis are di-cussed. A complete diagno-is with extensive 

VOL. 28. XO. I. OCTOBER lilTC. 


CUKHENT LITEUATUHE 


900 

laboruloiy work is important, because the Wasseriuann and Kalin tests, the sedimentation rate, uric- 
acid determination, and blood count are all of importance. The author feels that metallic substances 
placed near joints in the treatment of fractures produce joint irritation and traumatic arthritis. This is 
a consideration in treatment. The indications for operations in traumatic arthritis arc given, and the 
types of surgeiy include periarticular surgery on the cajisule, ligaments, muscles, and tendons, and 
intra-articular surgeiy on the joint itself. The correction of bone alignment is indicated if a fracture 
near a joint is angulatcd. Among the types of surgery indicated are synovectomy, cap.snlotomy, 
tenotoni}'’, osteotomy, arthrotomy, arthrodesis, arthroplasty, symiiathcctomy, and gaiiglioncctomy. The 
general management includes treatment of focal infection, general systemic measures, immobilization of 
the joint, the use of heat, and the use of ultra-violet light. — Louis W. Brock, M.D., El Buso, Texas. 

IMALUNiTiii) Fn.\CTUni:s .\xd Distoc.vriONS. T. H. Soniervill. The Indian Journal oj Surgery, 7: 85-95, 

1945. 

Although the textbooks usuall}' dc.scribc the treatment for recent fractures, the fractures encountered 
in India, particularly in the country districts, arc not presented for treatment immediately, but fre- 
quently have been treated b}' quacks or neglected entirely. Somervill prc.->ents an admirable study of 
malunited fractures and the methods of preventing malunion, based on experience gained during twenty- 
two 3 ’ears in a surgical center in southern India. He attaches importance to exercise and movement of 
all parts of the bod 3 q e.xcept those which must be immobilized; to a diet containing extra calcium and 
ample quantities of vitamins C and D; and to the administration of aluminum acetate for several 
months after the injury. 

Rkcurhext Dislocations of the Shouldeu Joint. N. S. Narasimhan. The Indian Journal oj Surgery, 7: 

123-133, 1915. 

Narasimhan presents an admirable stueb’’ of recurrent dislocation of the shoulder, based on a series 
of ninet 3 '-niue cases treated at the Madras General Hospital from 1938 to 1945. He reviews the theories 
of its causation, particularly those of Bankart and Codman, noting the frequency of its occurrence in 
epileptics and during the chronic spasms of tetanus. He believes that the treatment should be operative, 
describes seven t 3 q:es of operation, and reports a series of twelve cases oiierated upon, describing the 
pathology in each and the technical difTiculties experienced with Bankart’s procedure. He discusses the 
comparative merits of various operations, concluding that Bankart’s, in which the capsule and the 
cartilage are sutured to the anterior rim of the glenoid, gives the best results. — Robert M. Green, M.D., 
Boston, Massaclniseits. 

Los PIES ZAMBOS dolohosos postbaum.aticos en las fracturas del cuello del pie. Sus varied.vdes y su 

TRATAMIBNTO (PoST-TRAUMATIC PaINFUL VarUS FeET FOLLOWING FRACTURES OF THE AnkLE. TyPES 

AND Treatment). A. Velasco Zimbron. La Prensa Medica Mcxicana, 10: 27-28, 1945. 

The many types of soft-tissue lesions and fractures which may be found in the ankle are enumerated. 
Non-union and malunion of fractures are the most important causes of persistent pain. The different 
types of fractures of the tibia and fibula at the ankle are all mentioned, and the reader is referred to 
Cotton’s classification of Pott’s fractures. Persistent pain following ankle fractures is usualb’' due to a 
disorganization of the ankle joint, which the author calls a disharmonious relationship between the 
talus and the tibia. 

In the treatment of the painful extremity, the simpler surgical procedures are of little value. The 
author recommends an arthrodesis of the ankle, and he describes his favorite type, which is a central 
bone graft. The joint is exposed laterally, and osteotomy is performed on the lower end of the fibula. 
The articular cartilage is removed from all joint surfaces. A bone graft, one centimeter by ten centi- 
meters in size, is taken from a higher portion of the tibia and is placed across the ankle joint by inserting 
it into drill holes in the tibia and the talus. Details of the operation, the closure, and the postoperative 
immobilization are given. The author has treated ten cases, with solid fusion in all of them. 

The article is well illustrated. — Louis W. Brock, M.D., El Paso, Texas. 

L’examen radiographique DU PIED BOT (Roentgenographic EXAMINATION OF Club-Foot) . PieiTe 

Marique. La Presse Medicate, 53 : 633-634, 1945. 

The author maintains that congenital club-foot represents a true subluxation of the foot on the leg. 
This can be demonstrated by roentgenograms taken by the following technique : With the child flat on 
the back, the leg is externally rotated so that the bimalleolar axis is perpendicular to the plate. No effort 
is made with respect to the fore part of the foot. The central beam is centered over the bimalleolar axis, 
and exposures are made with the foot in complete flexion and extension. Attention is called to the fact 
that, in dorsal fle.xion, the degree of supination is markedly reduced. 

On such bimalleolar profile views, the axis of the tibia normally passes through the posterior end of 
the talus when the foot is in extension. In flexion, the talus is displaced still farther posteriorly. In the 
club foot, the axis of the tibia lies well behind the talus when the foot is in extension. 
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For purpobCs of comparibou and in ordei to determine the preience of irreducible equinus of the 
talus, the author iccommends that the roentgenograms be made with the foot in flexion — Henry Milch, 
1/ D, Htw York, N. Y. 

Le niLVN liUMOlUL DEx O-iTLOmTllIbB DE FVMIXE (FlUID BvLINCE IX HUNGER OsTEOP \THIES) L. de 

Gennes et G.-H Deltour. La Prcsse Medicate, 53; 67S-679, 1915. 

In a study of twehc cases of hunger osteopathy, the authors noted the lo=3 of calcium, phosphorus, 
ntainin C, and vitamin D, and a qualitative and quantitative lack of lipoids and proteins Although the 
calcium m the blood r\a3 relatuely constant, there was a marked excretion of calcium in the urine. 

In five cases the blood phosphatase w as normal, but in one there w as a mild increase and in five a 
marked increase in the phosphatase 

In five cases there was an increase in blood potassium with a disturbance in the calcium-potassium 
ratio 

In a certain number of cases, "opaque images of x'ariable form”, giving the impression of calcifica- 
tion of different organs, were found. The authors have termed these shadows “cutaneous creases”, 
although the 3 '' seem to arise from deposition of calcium in the subcutaneous tissues They are nevei 
found in other emaciating conditions — Henry Milch, M D , New York, N. Y. 

OsTEOSiRcoxiE ET xt \L IDIE DE PiGET (OsTEOs \RcoM \ xND P iget’s Disexse). F. Laj’ani et Cl Olivier. La 

Presse Medicate, 54' 145-146, 1946 

The authors report the case of a woman, aged eighty, in whom sarcoma developed as a result of 
Paget’s disease. During the course of the disease, roentgenotherapy controlled the pain Amputation 
was performed in the lower third of the femur, but pulmonary inroKement was the cause of death 
after six months 

The case is unusual because of the age at which the sarcoma developed The oldest previous patient 
reported by Gristel and Yanker, was seventj'-eight years of age Usuallj' the average age at onset of 
Paget’s disease is about forty-six, and the age of sarcomatous degeneration is about fiftj'-eight 

Although it is difficult to state with assuiance, about 8 per cent of patients with Paget’s disease 
present signs of sarcoma. Pathological fracture, not common in association with primary sarcoma, is 
the first sign of sarcomatous degeneration in about one-third of the cases In all, the roentgenographic 
findings are distinctive. 

The sarcoma anses almost exclusively in bone showing the charactenstic pagetoid appearance. Thus 
It is common to find the picture of Paget’s disease with presarcomafous degeneration and with true 
tumor formation in the same area. In those instances where the sarcoma is metastatic, only the one 
histological picture is present. Because of this, the authors are of the opinion that the multiple localiza- 
tion of sarcomata in Paget’s disease is evidence of polyosseous sarcomatous degeneration, rather than of 
degeneration with metastatic spread of the tumor. In most instances, the prognosis is bad The extreme 
life expectancy after discovery of the sarcoma is about two and one-half years, with an average ex- 
pectancy of one year — Henry Milch, M D , New York, N. Y. 

L\ PROBLEXIB DE L’oSTEOCHON'DRITE DISSEQUANTE (ThE PROBLEM OF OSTEOCHON'DRITIS DiSSECAN’s). J. A. 

Mathez. La Presse Medicate, 54 211-212, 1946. 

The author undertakes to support the thesis that osteochondritis dissecans is traumatic in origin. 
He shows that the process occurs at the most prominent part of the curvature of the condyle. It always 
begins in the bone, and the cartilage covenng it may remam intact for a considerable length of time 
The bony surface is always convex This outline is mathematically determined by the contour of the 
condyles, and is not related to interference with blood supply In the opinion of the author, osteo- 
chondritis dissecans is to be looked upon as a fracture, caused by vibration . — Henry Milch, M D , New 
York, N. Y. 

Luxo-fractura de l\ articulaciox de Lisfraxc (Fr.actube-Dislocation- at Lisfraxc’s Joint). Augusto 
^ Wyhert y Juan Alberto Perez Rovira Revista de la Asociacion Medica Argentina, 59' 481, 1945. 

The authors report the case of a twenty-year-old male, whose foot was crushed and who was hos- 
pitalized about two weeks after injury. Examination disclosed a swelling on the dorsum of the foot, in 
the region of the tarsometatarsal joint The longitudinal arch was depressed, the outer border of the 
foot was concave and shorter than on the opposite side, and there was definitely localized tenderness. 
The roentgenogram disclosed a fracture of the internal cuneiform of the base of the second metatarsal, 
with a lateral dislocation of the fore part of the foot Manipulation under anaesthesia and traction with 
wires through the calcaneus and through the metatarsal heads was unsuccessful. Reduction was accom- 
plished after open operation, levering the fractured second metatarsal into place 

The authors point out the important role of the second metatarsal head Although it was onginally 
beheved impossible for dislocation to occur without fracture of this bone, this has since been found to 
be untrue — Henry Milch, M D , New York, N Y. 
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AliTHODIOSIS DKL IIO.MUIIO KX I.A I’AUALISIS INKAXTIL. 'J’kCXICA I’KIlSOXAh ( AuTUIiODKSIS OK TMK SuOLrODKa l.N 

IXFAXTILE Paualysis). Viilciiti'n C. Ginu'di. h’l L'isifi ilc la Anociacion Mnlica Arqrutina, 59: ‘185 

19‘15. 

Scapuloluiinoral ai'Uirodo.-^is, finsl. devised l>y Alherl in 187!), was popularized by Vidjiiiis in 1S9S. In 
general, the exira-arlicular type of operation is resXTVed for the (nl)erculoiis o.^teo-artlirilis, while (he 
intra-artieular oi)eralion and tlie eoinbined operation are employed for (he p.ar.ah'lie eases. The fusion 
operation is to be i)referrcil to nui-sele-liiinsplanl, or nerve-grafling oiieralions. Fu.-^ion in children inav 
bo performed as early as the si.xth (o ninth years, but the oi)tiinuin age is between ten .and twelve years, 
Following the reeomineiidations of The Ainericaui Orthopaedic A.s.-oeiation Committee, the authoi 
advises fusion in right-angled abduction with the arm in 35 degrees of lle.xion and 25 degrees of internal 
rotation. 

The many different types of fusion operjition which have been reeoinmi'nded .are briefly reviewed. 
The author describes his own teehnitnu'. The skin inei.-ion is made' fiann the la'gion of the acaoniial tij) 
down to the apc.x of the a.xilla. The suixaitaneous li.s.sues are .-(aUioned in the .'ame plane. The cephalic 
vein is tied and cut, if ncce.ssary. The deltoid inuseh* is tlien oiaaied by a T-shai)ed incision, the long arm 
of the T descending along (he axis of the huinerus. The humerus is expo.-ed and an osteoperio.^tcal 
graft, six centimeters by one centimeter, is i)repar(al. The head .and the glenoid are tlnai denuded of 
cartilage. The head is jilaced in the ideal po.-;i(ion and fixed, by means of a Lambottc' s(a-ew, into the 
glenoid. The hone graft is then fixed along the anterior aspect of the glenohumeral joint, and the 
wound is closed. 

Immobilization is carried out by me.ans of a previously iire)).ar(al plaster s))ica. This is retained for 
a period ol from three to six months, or until the roentgemograms disclose firm honv union . — Ilennj 
Milch, M.D., New York, N. Y. 

El tiutamiexto dkl dolou k.x la authosis i)i;i‘'oit.\iAXTi'; dk c.\i>i:tiA, eou l.\ xi;i-hoto.ml\ ukl onTLat.u) 0 R 

(OI’EILVCIOX DE SeLIG) (TitE.VTAtEXT OF PaIX IX DeFOK.M I XU AltTlIIilTIS OF THE IIlF HV Outl'iutor 

Neuhotomy’: Selig’s Oi’Eilvtiox). Guillermo F. Cottini. Ih risla tic la A.'iociacion Mcdica Artjcnlina, 
59: 884-891, 19‘15. 

The therajiy of coxarthritis is primarily the treatment of iiain. The limitation of motion is of sec- 
ondary consequence. Many different tyjies of treatment have been recommended, but the neurotomy 
suggested by Selig seems to have special value, particularly in patients over sixty, in whom other pro- 
cedures are contra-indicated. 

The operation is based upon the f.nct that the hip joint is supplied by sensory ner\'es from the 
sciatic, the femoral, and the obturator nerves. In many instances simiile .-ection of the obturator nerve 
suffices; in other cases, additional section of the .sciatic or the femoral branches, as well as drilling 
operations, may be necessary to bring about results. 

The operation is extremely simple and has no contra-indications. The author iierforms it under 
spinal anaesthesia and prefers to divide the obturator nerve on the jieh ic side. The approach is made 
through an incision splitting (he rectus muscle, and has been )rerformcd in eighteen eases. 

In eleven of these cases, follow-up results have been obtained. Of these, five were excellent, two 
were good, and four were unsuccessful. In the.se four ca.ses, only the obturator ner\'e was divided. 

The author believes that the procedure exerts its best effects in jiatients who have contracture of 
the adductors. It would appear, therefore, that part of the effect is of anaesthetic origin anil jiart is due 
to conversion of the adduction contracture . — Henry Milch, M.D., New York, N. F. 

COXDRO-OSTEOMAS MULTIPLES: ExOSTOSIS METAFISIALES — EXOCOXDROSIS OSTEOGEXIC.V (MULTIPLE OsTEO- 

CHONDromata). Conrado Zuckermann. Revisla Mcxicana de Cirngia, Ginecologia y Cancer, 13: 

169-186, 1945. 

This is a case study of a nineteen-jmar-old boj' with multiple osteochondromata involving the 
lower tibia, lower femur, upper tibia, and upper fibula. The tumor just below the knee was first noticed 
after a minor injuiy; it was excised and the pathological sections carefully studied. A review of the 
pathological findings revealed fibrous connective tissue, cartilaginous tissue, and bon)^ tissue. 

The author gives an excellent review of the subject of multiple osteochondromata. Tlic.-e tumors 
invariably originate at the cartilage plate at the end of the long bone, in the metaphysis. They rarely 
become transformed into blastomata. They occur more frequently in males than in females, and there 
is a definite hereditary tendency. They arc frequently multiple and sometimes symmetrical. The author 
states that occasionally these tumors are noted in the flat bones, also. A bursa sometimes forms over the 
tumor. The differential diagnosis is not too difficult, and roentgenograms of many of the long bones 
should be taken to ascertain whether or not the tumors are multiple. No treatment is known for these 
tumors except excision, and this should be done if the location, size, or pressure symptoms warrant it. 

This article is an excellent review of the subject of osteochondromata. It is well illustrated with 
reproductions of roentgenograms and microscopic slides . — Louis IF. Breck, M.D., El Paso, Texas. 
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I.KS MAI.KOU.MATIONS UK. lA llOTUl.K DANS I.A GKNESK DE L.\ LUX.VTION II.IBITUELLE OU CONCENTTALE DE LA 
liOTULE (MaI.FOUM.MION OF THE P.VTEI.LA IN THE EtIOLOGV OF HaBITL’AL OR CONGENITAL LuX.\TION OF 
THE P.\telia). 1’. Swynglieiluiiw ot E. L;iinc. Ih’vtu: d'Ortlwpedic el de Chicurgic dc I'Appnreil 
Motciir, 31: 25-35, 1915. 

.\tlenlion i.s called by tlic author.^ to a congenital deformity of the patella which can ea.<ily be 
diagnosed on axial x-ray.s of the patella. There i.< then a widening of the patella in the anteroposterior 
plane, and also a change in the medial \iortion of the patella, which bccome.s shorter and more globular. 

In the absence of thi.s roentgenographic fimling. the treatment of habitual di.slocation require.s the 
usual capsular procedure.-; or the transiilantalion of the tibial tubercle. In the pre.sence of a congenital 
deformity of the patella, however, the authors consider a patellectomy as the treatment of choice.— 
Eiiuuuicl B. Kaplan, M.D., Xcw Tor/,-, X. T. 

Intervertebral Disc Lesio.n.s. CiKNeral Discussion and Consideiution of Tre.\taient in Military 
Service. Extim Walker. Sant hern Medical Jentrnal, 38: S32-S3'4, 1945. 

Sciatic radiation due to root iiain. a.-sociated with parae.sthe.sia, is the chief diagnostic .sj-mptom in 
IcsioiLs of the intervertebral disc. This pain can be produced b.v direct stimulation. The .seasation of 
the foot “going to sleeii" could re.-ult from i.-^chaemia of a section of the nerve root, and consequently 
a physiological neural block. Beside.- the operation upon the dac, additional relief is obtained in certain 
cases by section of the sensory portion of the nerve root involved. Some surgeon.- advocate fusion of 
the vertebrae, but this docs not always give relief, ami prolongs the operation and the convale-scence. 
Conservative treatment should be Used in the majority of cases. — Fred G. Hodgson, M.D., Allanla, 
Georgia. 

Tre-at.ment of PEHiBHEatL Xerve INJURIES. .Vrtliur M. Pnice. Sonthern Medical Journal, 39: 289-291, 
1946. 

Two new diagnostic procedure-s in peripheral-nerve injuries have been introduced: the neuro- 
dermometer (Richter) and a device for the determination of galvanic tetanus (Pollock). The former is 
an objective method for determining the area of anaesthe-sia. independent of the patient’s cooperation. 
With the u.se of the latter, evidence of muscle re-innervation is shown much earlier than b.v standard 
methods. Both of these techniques are as yet in the formative stage. 

The paraffin bath is veiy useful. Whirlpool baths are followed by ultraviolet radiation to improve 
the circulation and the condition of the skin. Exercises and galvanic stimulation are used. This report 
is from the sendee at Lawson General Hospital, .-Atlanta. — Fred G. Hodgson, .M.D., Atlanta, Georgia. 

Spin.al Fusion Following Removal of Intervertebr.al Disk. Edward L. Compere. Southern Medical 
Journal, 39: 301-306, 1946. 

Spinal fusion alone has relieved many patients with low-back pain, but some continue to have 
sciatic pain after this operation. Many patients have been relieved of their pain by removal of the 
intervertebral disc, without fusion of the spine. Some are not relieved by this operation, or later have 
a return of their pain. The anatomy and function of the intervertebral disc are discussed. In both 
animals and humans, after removal of the disc, arthritic changes tend to develop, both in the articular 
facets and along the margins of the vertebrae. During the past five years the author has combined 
removal of the ruptured disc with fusion of the laminae by the Hibbs technique. He uses many chips 
and splinter grafts to get a solid frusion of the vertebra above and the one below the involved disc. — 
F red G. Hodgson, M .D., Allanla, Georgia. 

Towel Clip Fix.\tion of Fresh Cl.avicul.ar Fr.actures. Milton C. Cobey. Southern Mediced Journal. 
39: 307-311, 1946. 

The method of reduction and fixation of the clavicle with towel clips was in use at Johns Hopkins 
Hospital in 1934. The patient is given a general anaesthetic and placed on a fracture table with a single 
support under the shoulders. The area of the clavicle is prepared for surgerv’. Small stab wounds are 
made. Carefully the points of the clips are inserted into the bone on each side of the fracture, about 
one inch from the fracture line. The handles should overlap after reduction, if possible. The fluoro- 
scope may be used, but is not essential. Small colloidin dressings are applied, and the handles are tied 
together. Plaster-of-Paris may be molded about the handles for fixation. .A jacket type of plaster cast 
IS applied, without a spica. The handles are not fixed to the plaster cast. Patient may be ambulatory. 

This method has been used over a period of eleven years. Xo complications have occurred. It has 
been used in only 14 per cent, of cases, and then only after conservative methods have been tried. The 
author is opposed to open operations on the clavicle. — Fred G. Hodgson, M.D., Atlanta, Georgia. 

The Molded Bone Graft. Arthur J. Barskx-. Surgery, 18: 755-763. 1945. 

Barskj- advocates the use of molded bone grafts in selected cases. The method, which he has used 
in fifteen ca.ses, is carried out as follows: 

The loss of contour is studied carefully, and roentgenograms are taken. A plaster study model is 
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prepared, which should include the normal side as well as Ihe area of defect. With wax, the area of 
defect is built up on the plaster cast. The mold or si)lint is made of sheet lead, one thirty-second of an 
inch thick, and it is pressed into shape over the restoration and onto the normal ti.ssuo beyond. 

The recipient area is prepared first, and then thin shavings of dense bone and largo quantities of 
cancellous bone are taken from the crest of the ilium. The cancellous bone is cut into pieces a few 
millimeters in size and is deposited in the cavity. Over this arc phaced the thin shavings of bone, im- 
mediately beneath the surface of the skin. After closure has been completed, the molded splint is 
applied, with a thin layer of dental modeling compound between it and the skin. A pressure bandage 
is then applied. 

The mold is left in place for four or five days, but may be removed temporarily in order to remove 
sutures. 

This type of graft is advocated only as a contour restoration for defects in tlie skull and bones of 
the face, and is not recommended for bones which bear weight or are subjected to functional stress. 

Fissures of the Auticul.ir C.\util.\ge of the Patelea. Occurue.vce i.v MuLTii’.urriTE P.vrEi.LA. Charles J. 

Sutro. Surgery, 19: 251-266, 1916. 

Degenerative lesions of hyaline cartilage occur on the patella in much the same way that they do 
upon other articular surfaces. Their presence may be characterized b}' areas that are soft and spongy, 
which have been described as chondromalacia patellae, or by cracks and fissures in the articular cartilage. 
Trauma, especially a direct blow which drives the patella against the articular surface of the femur, is 
probably the primary etiological factor. Rcjicatcd minimum traumata produced in ordinary daily activ- 
ity must play some role, however. The s.vmptoms accompanying fissures of the articular cartilage are 
often acute, and occur short!}' after a specific injury or after unusual physical exertion. Tlie patient may 
complain of sharp pains, instability, temporary locking, enlargement of the knee region, and inability 
to bear weight. Later the symptoms may bo described as “locking”; loud crepitations are also a com- 
plaint. When the examining physician moves the patella back and forth or up and down against the 
articular surface of the femur, the patient may complain of severe pain; crepitation is often felt. 

The author has reported fifty-eight cases. The patients with relatively mild symptoms were treated 
with the usual conservative measures of protection, heat, and massage; they were advised to avoid all 
exercises, including marching, walking, and dancing, in so far as possible, for three or four months after 
the injury. When the symptoms persisted in spite of conservative treatment, surgery was advised. In 
nine of the eleven cases operated upon by Sutro, only the injured portion of the cartilage was removed. 
In only one case was the entire patella excised. — Edward L. Compere, M.D., Chicago, Illinois. 

The Use of Drainage in Operations on the Spine. Leo S. Lucas and Joseph H. Gill. The Western 

Journal oj Surgery, Obstetrics and Gynecology, 53: 379-3S0, 1915. 

It is usually recognized that the chief complication of operations on the spine is hematoma forma- 
tion, inasmuch as they may lead to secondary infection by retrograde and hematogenous routes, or to 
chronic sinus formation and osteomyelitis of the spine. To avoid this complication, the author inserts 
one small cigarette drain in the floor of the wound before the wound is closed tightly. This is left in 
for exactly twenty-four hours. In a series of 104 cases in which this method W’as used, there was no case 
of hematoma, chronic sinus formation, or infection of the deep structures. — F. Harold Downing, M.D., 
Fresno, Calijornia. 

Chronic Sclerosing Osteitis. Henry W. Meyerding. The Western Journal of Surgery, Obstetrics and 

Gynecology, 53: 413^21, 1945. 

In a period of thirty-two years — from 1912 to 1945, inclusive — eighty patients with chronic sclerosing 
osteitis have been seen at the Mayo Clinic. This represents a 2 per cent, incidence in 4,000 cases of 
osteomyelitis. The outstanding symptom is persistent pain of varying severity, which may be present 
for months or years and usually becomes worse at night. It is deep-seated, and is usually located in the 
shafts of the long bones. The roentgenographic findings are significant. They show a localized area of 
dense sclerotic bone with a region of lesser density, often round or oval. There is considerable prolifera- 
tion of the cortical bone, with swelling of the cortex, which is sometimes mistaken for malignant osteo- 
genic sarcoma or syphilitic periostitis. The regions may partially involve the entire cortex for a distance 
of several inches, or they may partially or completely close the medullary cavity and produce a dense, 
spindle-shaped mass in the shafts of the long bones. 

The treatment is surgical, and the extent of the operation depends upon the degree of involvement. 
An attempt has been made to saucerize the involved area. Multiple drilling did not prove satisfactory. 
The wound is sprinkled with sulfathiazole and closed without drainage in the majority of cases. If 
external support is required, plaster casts are used. Of fifty patients traced from two to thirty-one years, 
thirty-four (68 per cent.) obtained complete relief from symptoms; seven (14 per cent.) obtained partial 
relief, and nine (18 per cent.) had had no improvement. — F. Harold Downing, M.D., Fresno, California. 
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